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FOREWORD 
 
 
 The U.S. Environmental Protection Agency (EPA) has developed the Quality Assurance 
Project Plan (QAPP) as an important tool for project managers and planners to document the 
type and quality of data needed for environmental decisions and to provide a blueprint for 
collecting and assessing those data from environmental programs.  The development, review, 
approval, and implementation of the QAPP is part of the mandatory Agency-wide Quality 
System that requires all organizations performing work for EPA or funded by EPA to develop 
and operate management structures and processes for ensuring that data collected or compiled 
for use in Agency decisions are of the type and quality needed and expected for their intended 
use.  The QAPP is the integral part of the fundamental principals and practices that form the 
foundation of the South Carolina Department of Health and Environmental Control (SCDHEC) 
Quality System. 
 
 The ultimate success of an environmental program or project depends on the quality of 
the environmental data collected and used in decision- making.  This depends significantly on 
the adequacy of the QAPP and its effective implementation.  Proper planning must occur to 
ensure that all the needs of the user are defined with quality in mind.   
 
 This document presents specifications and instructions for the information that must be 
contained in a Quality Assurance Project Plan for environmental data operations performed by  
SCDHEC or on its behalf by extramural organizations.  It discusses the procedures for review, 
approval, implementation, and revision of QAPPs.  Users of this document should assume that 
all of the elements described herein are required in the QAPP unless otherwise directed by 
SCDHEC.  
 
This document contains the same requirements as found in the EPA QA/G-5, Guidance for 
Quality Assurance Project Plans and  EPA QA/R-5, EPA Requirements for Quality Assurance 
Project Plans for Environmental Data Operations.  Other information cited complies with 
mandatory Quality Management Programs as described in: 
 
 EPA QA/R-1  EPA Quality Systems Requirements for Environmental Programs 
 
 EPA QA/R-2  EPA Requirements for Quality Management Plans 
 
It is the intent that the guide will assist the project manager in preparing the QAPP for submittal 
to the Department for approval.   A thorough and well-written QAPP will help expedite the 
approval process to ensure that all applicable elements are addressed.  All projects must have an 
approved QAPP before environmental monitoring may commence.  Questions regarding this 
document may be directed to: 
     SC DHEC 
     Bureau of Environmental Services-EQC Laboratories 
     Office of Quality Assurance 
     8231 Parklane Road 
     Columbia, S.C. 29223 
     Phone: 803-896-0981  Fax: 803-896-0980   
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Chapter I 
 

Introduction 
Overview 
 
 This document presents detailed guidance on how to develop a Quality Assurance 
Project Plan (QAPP) for environmental data operations performed by or for the SC 
Department of Health and Environmental Control.  It discusses how to address and 
implement the specifications in EPA QA/R-5, Requirements for QA Project Plans for 
Environmental Data Operations. 
 
 The QAPP is the critical planning tool for any environmental data collection 
operation because it documents how quality assurance (QA) and quality control (QC) 
activities will be implemented during the life cycle of a program, project, or task.  QA is 
a system of management activities designed to ensure that the data produced by the 
operation will be of the type and quality needed and expected by the data user.  It aids in 
supporting management decisions in a resource-efficient manner. 
 
 The QAPP is the key component of the SCDHEC Quality System as shown in 
Figure 1.  It is the principal product of a systematic planning process.  It integrates all 
technical and quality aspects for the life-cycle of the project, including planning, 
implementation, and assessment.   
 
 A QAPP is composed of four sections of project-related information called 
“groups”, which are subdivided into specific detailed  “elements.”  The degree to which 
each QAPP element should be addressed will be dependent on the specific project and 
can range from “not applicable” to extensive documentation.  This document provides a 
discussion and background of the elements of a QAPP that will typically be necessary.  
The final decision on the specific need for these elements for the project-specific QAPP 
will be made by the sponsoring SCDHEC Bureau/Program and/or Office of Quality 
Assurance.   
 
Purpose 
 The SCDHEC Quality System is a structured management system describing 
policies, objectives, principles, organization, responsibilities, accountability, and 
implementation plan for ensuring quality in its work processes, products, and services.   
 
 EPA and SCDHEC policy require that all projects involving the generation, 
acquisition, and use of environmental data be planned and documented and have an 
Agency-approved QAPP prior to the start of data collection.  The primary purpose of the 
QAPP is to provide an overview of the project, describe the need for the measurements, 
and define QA/QC activities to be applied to the project, all within a single document.  
The QAPP should be detailed enough to provide a clear description for every aspect of 
the project and include information for every member of the project staff including 
samplers, lab staff, and data reviewers.  Effective implementation of the QAPP assists 
project managers in keeping projects on schedule and within the resource budget. 
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Chapter II 
 

EPA/SCDHEC Policy on Quality Assurance Project Plans 
 

EPA Policy 
 
 All work performed by extramural organizations on behalf of or funded by EPA 
that involves the collection or use of environmental data in Agency(SCDHEC)  programs 
shall be implemented in accordance with a SCDHEC approved QAPP developed from a 
systematic planning process based on the “graded approach.”1  No work funded by EPA 
and involving the acquisition of environmental data generated from direct measurement 
activities, collected from other sources, or compiled from computerized data bases and 
information systems, shall be implemented without an approved QAPP available prior 
to start of the work.   
 
SCDHEC Policy 
 
 “When  this Agency (DHEC) enters a cooperative agreement with another 
agency, the lead agency (Project Manager) will be responsible for generating the project 
study plan( unless otherwise agreed upon).  Data quality objectives must be clearly 
established to ensure the validity of the data collected.  A QA Project Plan is necessary 
and should be completed in accordance with the guidance documents and the Agency’s 
Quality Assurance Management Plan (QAMP)”2.   
 
 Any laboratory producing data for a Program’s direct utilization must have 
Standard Operating Procedures in accordance with U.S. EPA methods, Standard Methods 
for the Examination of Water and Wastewater, and/or approved methods.  The laboratory 
organization, structure, areas of responsibility, must be available for review by the 
Program reviewing data.  The organization must be certified by the State’s Office of 
Environmental Laboratory Certification ( where certified methods exist).  Any laboratory 
that sub-contracts to another lab must assure that the affected laboratory has the required 
certification.  The Project Officer should state in the QAPP that a contracting lab must 
ensure the approved certification status of the subcontracted lab.  The data received must 
be in a format determined by the Program area and must be of acceptable quality-
scientifically valid, defensible, and of known and acceptable precision and accuracy. 
 
Applicability 
 
 

                                                

These QAPP requirements apply to all environmental programs that acquire, 
generate, or compile environmental data on behalf of or funded by EPA/SCDHEC.  
These operations include work performed through contracts, interagency agreements, and 
assistance agreements ( e.g., cooperative agreements, grants).  QAPPs shall be prepared, 

 
1 EPA QA/R-5, Page 5.   A graded approach is the process of basing the level of application of managerial 
controls applied to an item or work on the intended use of the results and the degree of confidence needed 
in the quality of the results.  
2 Quality Assurance Management Plan for SCDHEC, Section 6.1, Page 15. 
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reviewed, and approved in accordance with the specifications contained in this document 
for the collection activity unless explicitly superseded by the regulation. 
 
Special Requirements 
  
 In some cases, it may be necessary to add special requirements to the QAPP.  The 
SCDHEC organization sponsoring the work has the authority to define any special 
requirements beyond those listed in this requirements document.  If none or specified, the 
QAPP shall address all required elements.  Attached documentation, such as an approved 
Work Plan, Standard Operating Procedures(SOPs), etc., may be referenced  in response 
to a particular QAPP element.  This is encouraged to reduce the size of the QAPP and the 
time required to prepare it.  The QAPP should also address related QA planning 
documentation from subcontractors or suppliers of services critical to the technical and 
quality objectives of the project or task.  In any case, all referenced documents must be 
attached to the QAPP or be placed on file with the appropriate SCDHEC office and 
available for referencing as needed. 
 
Responsibilities 
 

QAPPs may be prepared by SCDHEC personnel, contractors, cooperative 
agreement holders( university,  environmental firm, etc.), or another State agency under 
an interagency agreement.  Except where specifically delegated, all QAPPs prepared 
by non-SCDHEC organizations must be approved by SCDHEC before 
implementation.  Writing a QAPP is often a collaborative effort within an organization, 
or among organizations, and depends on the technical expertise, writing skills, knowledge 
of the project, and availability of the staff.  Organizations are encouraged to involve 
technical project staff and the QA Office in this effort to ensure that the QAPP has 
adequate detail and coverage.  

 
 

Approvals 
  
None of the environmental data collection work addressed by the QAPP may be 

started until the initial QAPP has been approved by the DHEC  Sponsoring Program and 
State Quality Assurance Management Officer (SQAMO) or designee.  In some cases, 
DHEC may grant conditional or partial approval to permit some of the work to begin 
while noncritical deficiencies in it are being resolved.  The QA Officer should be 
consulted to determine the nature of the work that may continue and the type of work that 
may be performed under a conditionally approved QAPP.  The following approvals are 
possible: 

 
• Full Approval:  No remaining identified defiencies exist in the QAPP and the 

project may commence. 
 
• Partial Approval:  Some activities identified in the QAPP still contain critical 

deficiencies while other activities are acceptable.  If the acceptable activities are not 
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contingent upon the completion of the activities with deficiencies, a partial approval is 
granted for those activities to proceed.  Work should continue to resolve the portions of 
the QAPP that are deficient.   

 
• Conditional Approval:  Approval of the QAPP or portions thereof will be 

granted upon agreement to implement specific conditions, specific language, etc. by 
parties required to approve the QAPP in order to expedite the initiation of field work.  In 
most situations, the conditional approval is upgraded to final approval upon receipt, 
review, and sign off by all parties of the revised/additional QAPP pages. 

 
Once approved, the organization performing the work is responsible for 

implementing the QAPP.  This responsibility includes ensuring all personnel involved in 
the work have copies of or access to the approved QAPP along with all other necessary 
planning documents. Personnel should understand their responsibilities prior to the start 
of data generation activities. 

 
Revisions 

 
Organizations are responsible for keeping the QAPP current when changes to 

technical aspects of the project change.  QAPPs must be revised to incorporate such 
changes.  Any revisions or additions to the QAPP must be re-approved by SCDHEC 
and distributed to all participants in the project.  
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Chapter III 

 
QAPP Preparation 

  
 The QAPP is the formal document describing in comprehensive detail the 
necessary QA/QC and other technical activities that must be implemented to ensure that 
the results of the work performed will satisfy the stated performance criteria.  The QAPP 
must provide sufficient detail to demonstrate that: 
 
• the project technical and quality objectives ( Data Quality Objectives) are 
identified and agreed upon; 
 
• the  intended measurements or data acquisition methods are appropriate for 
achieving project objectives; 
 
• assessment procedures are sufficient for confirming that data of the type and 
quality needed and expected are obtained; and 
 
• any limitations on the use of the data can be identified and documented. 
 
In order to be effective, the QAPP must specify the level or degree of QA/QC needed for 
the particular environmental data operation.  Because this will vary according to the 
purpose and type work being done, SCDHEC will evaluate QA/QC applied to a project 
commensurate with : 
 
• purpose of the environmental data collection 
 
• type of work to be done 
 
• intended use of the data 
 
An analysis sheet is provided to assist the QAPP preparer and QA Office in determining 
the level and detail of information required in the QAPP.  Answering some basic 
questions should provide guidance in addressing all applicable elements and determining 
which QAPP protocol to follow.  See Figure 2 on page 6-3.  
 
Format 
 
 There are two basic formats to use in writing the Quality Assurance Project Plan.  
They are the Proposal Quality Assurance Plan (PQAP) and the more detailed QA Project 
Plan(QAPP).  Depending on the level of detailed required, the decision  to accept the less 
formal PQAP is left to the DHEC Project Officer and  SQAMO/QA Officer. 
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The Proposal Quality Assurance Plan Document 
 

 The Proposal Quality Assurance Plan is a brief document that encompasses 
elements of the Quality Management Plan (QMP) and the QA Project Plan (QAPP) and 
presents these elements in a less formal format, including a narrative.  The PQAP may be 
applied to small data collection projects, small grants for basic or exploratory research, 
community/student education, and similar work of limited scope and duration.  The 
PQAP is used frequently in responses to proposals and applications for extramural 
agreements to demonstrate the offeror/applicant’s capabilities for satisfying QA/QC 
requirements in extramural agreement regulations.   See Appendix A.  
 
 The PQAP shall include or address: 
 
•  a project title sheet with signature and date of project officer 
 
• a project description, including the purpose of the work, the data collection 
activities to be performed, and how the environmental data produced will be used; 
 
• a statement of the project objectives, including the primary goals, expected level 
of confidence in the resulting data, and criteria for successful completion of the work; 
 
• a description of the sampling and analytical design ( experimental design) of the 
project, including identification of critical and non-critical aspects of the project, 
sampling and analytical methods to be used, calibration requirements for instruments (as 
appropriate), and relevant method  performance criteria; 
 
• a description of the process for the handling and custody of samples, including 
sample identification, preservation, transportation, storage, and final disposal; 
 
• a listing of the proposed start and ending dates for the project with key milestones 
and interim deliverables, as appropriate, identified; 
 
• a listing of key project staff and their roles and responsibilities 
 
• a description of how quality will be assured during the project, including the use 
of performance evaluations, audits, surveillance, and other assessment procedures; 
 
• procedures for data verification and validation ( including any statistical analyses 
used), and how corrective actions will be implemented 
 
• identify any needed reports on QA/QC activities 
 
 
 
 

6-1 



  
Quality Assurance Project Plan Document 

 
 The QAPP document is the most frequently used format and applies to most 
environmental data collection work. It will apply to contracts, interagency agreements, 
large cooperative agreements and grants, etc. that include post-award environmental 
monitoring, sampling, and analysis activities and long term studies.  The QAPP must be 
composed of standardized, recognizable elements covering the entire project from 
planning, through implementation, to assessment.  See Appendix A and C. 
 
 The elements of a QAPP are categorized into “groups” according to their 
function.  All applicable elements defined in this guide must be addressed.  If an 
element is not applicable, state this in the QAPP.  The elements are: 
 
Group A Project Management 
 
This group of elements covers the basic area of project management, including the 
project history and objectives, roles and responsibilities of the participants, etc.  These 
elements ensure that the project has a defined goal, that the participants understand the 
goal and the approach to be used, and that the planning outputs have been documented. 
 
 A1 Title and Approval Sheet 
 A2 Table of Contents 
 A3 Distribution List 
 A4 Project/Task Organization 
 A5 Problem Definition/Background 
 A6 Project/Task Description 
 A7 Data Quality Objectives and Criteria for Measurement Data 
 A8 Special Training Requirements/Certification 
 A9 Documentation and Records 
 
Group B Measurement/Data Acquisition 
 
This group of QAPP elements covers all aspects of measurement systems design and 
implementation, ensuring that appropriate methods for sampling, data handling, and QC 
are employed and are documented. 
 
 B1 Sampling Process Design ( Experimental Design) 
 B2 Sampling Methods Requirements 
 B3 Sample Handling and Custody Requirements 
 B4 Analytical Methods Requirements 
 B5 Quality Control Requirements 
 

6-2 
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B6 Instrument/Equipment Testing, Inspection,  Maintenance Requirements 
 B7 Instrument Calibration and Frequency 
 B8 Inspection/Acceptance Requirements for Supplies and Consumables 
 B9 Data Acquisition Requirements ( Non-direct Measurements) 
 B10 Data Management 
 
Group C Assessment/Oversight 
 
 This group of QAPP elements addresses the activities for assessing the 
effectiveness of the implementation of the project and associated QA/QC.  The purpose 
of assessment is to ensure that the QAPP is implemented as prescribed. 
 
 C1 Assessments and Response Actions 
 C2 Reports to Management 
 
Group D Data Validation and Usability 
 
 This group of QAPP elements covers the QA activities that occur after the data 
collection phase of the project is completed.  Implementation of these elements 
determines whether or not the data conform to the specified criteria, thus satisfying the 
project objectives. 
 
 D1 Data Review, Validation, and Verification Requirements 
 D2 Validation and Verification Methods 
 D3 Reconciliation with User Requirements 

 
 

  
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

6-2(a) 
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SCDHEC QAPP FORMAT SELECTION 
 
Project/Study Title:_______________________________________________________ 
Sponsoring Authority/Program_____________________________________________ 
Project Manager_________________________________________________________ 
Project Date: _______________________________ 
 
Purpose of the Environmental Data Collection (Check all that apply): 
  

___ Enforcement/compliance  
___ Agency  research and development 
___ Rulemaking (Agency decisions) 
___ Community education/involvement 
___ Cooperative agency agreements/ initiatives 
___ University/High School research study  
___ Other__________________________________________________________ 

 
Type of Work to be done (Check all that apply): 
  

___ Pollutant monitoring 
___ Site characterization 
___ Environmental research/ analytical method (parameter) development 
___ Comparability studies 
___ SCDHEC contracted analyses 
___ Other__________________________________________________________ 

 
Intended Use of the Data (Check all that apply): 
 

___ Compliance determination 
___ Selection of remedial technology 
___ Development of environmental regulations 
___ Development of EPA/SCDHEC standards, limits 
___ Community education/involvement—brochures, best practices, etc. 
___ DHEC Program use 
___ University/School research only 
___ Other__________________________________________________________  
               

If  items are checked in any of the above categories that will involve externally 
generated project/study data being used by the Department in decision making, 
compliance and enforcement, establishing agency regulations, standards or limits, 
or a program’s direct use, then the QAPP format will be required. 
   
OQA                                    Figure 2                                     February 2000 
 

6-3 
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Include title of plan; name of the organization(s); and names, titles, signatures of appropriate
approving officials, and their approval dates.

List sections, figures, tables, references, and appendices.

CHAPTER IV

QAPP ELEMENTS

A PROJECT MANAGEMENT

The following project management elements address the procedural aspects of project
development and what to include in the QAPP project background, task description, and quality 
objectives elements.  Summaries from R-5 are contained in the text box following the title of each 
element.

A1 TITLE AND APPROVAL SHEET

The title and approval sheet includes the title of the QAPP; the name(s) of the organization(s)
implementing the project; and the names, titles, and signatures, and the signature dates of the appropriate
approving officials.  The approving officials typically include: the organization's Technical Project
Manager, the organization's Quality Assurance Officer or Manager, the EPA (or other funding agency)
Technical Project Manager/Project Officer, Laboratory Directors, Laboratory QA Officers, the EPA (or
other funding agency) Quality Assurance Officer or Manager, and other key staff, such as the QA Officer
of the prime contractor when a QAPP is prepared by a subcontractor organization.

The purpose of the approval sheet is to enable officials to document their approval of the QAPP. 
The title page (along with the organization chart) also identifies the key project officials for the work.  
The title and approval sheet should also indicate the date of the revision and a document number, if
appropriate.  

A2 TABLE OF CONTENTS AND DOCUMENT CONTROL FORMAT

The table of contents lists all the elements, references, and appendices contained in a QAPP,
including a list of tables and a list of figures that are used in the text.  The major headings for most
QAPPs should closely follow the list of required elements; an example is shown in Figure 2.  While the
exact format of the QAPP does not have to follow the sequence given here, it is generally more  
convenient to do so, and it provides a standard format to the QAPP reviewer.  Moreover, consistency in
the format makes the document more familiar to users, who can expect to find a specific item in the same
place in every QAPP.

The table of contents of the QAPP may include a document control component. This information
should appear in the upper right-hand corner of each page of the QAPP when document control format is
desired.  For example:
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Project No. or Name                      
Element or Section No.                     
Revision No.                                     
Revision Date                                
Section/Element Page        of          

List all the individuals and their organizations who will receive copies of the approved QAPP  
and any subsequent revisions.  Include all persons who are responsible for implementation
(including managers), the QA managers, and representatives of all groups involved.

Identify the individuals or organizations participating in the project and discuss their specific
roles and responsibilities.  Include principal data users, the decision makers, the project QA
manager, and all persons responsible for implementation.

Ensure that the project QA manager is independent of the unit generating the data.

Provide a concise organization chart showing the relationships and the lines of communication
among all project participants; other data users who are outside of the organization generating
the data; and any subcontractor relationships relevant to environmental data operations.

This component, together with the distribution list (see element A3), facilitates control of the
document to help ensure that the most current QAPP is in use by all project participants.  Each revision 
of the QAPP should have a different revision number and date.

A3 DISTRIBUTION LIST

All the persons and document files designated to receive copies of the QAPP, and any planned
future revisions, need to be listed in the QAPP.  This list, together with the document control  
information, will help the project manager ensure that all key personnel in the implementation of the
QAPP have up-to-date copies of the plan.  A typical distribution list appears in Figure 2.

A4 PROJECT/TASK ORGANIZATION

A4.1 Purpose/Background

The purpose of the project organization is to provide EPA and other involved parties with a clear
understanding of the role that each party plays in the investigation or study and to provide the lines of
authority and reporting for the project.

A4.2 Roles and Responsibilities

The specific roles, activities, and responsibilities of participants, as well as the internal lines of
authority and communication within and between organizations, should be detailed.  The position of the
QA Manager or QA Officer should be described.  Include the principal data users, the decision maker,
project manager, QA manager, and all persons responsible for implementation of the QAPP.  Also
included should be the person responsible for maintaining the QAPP and any individual approving
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State the specific problem to be solved or decision to be made and include sufficient    
background information to provide a historical and scientific perspective for this particular
project.

deliverables other than the project manager.  A concise chart showing the project organization, the lines 
of responsibility, and the lines of communication should be presented; an example is given in Figure 3. 
For complex projects, it may be useful to include more than one chart—one for the overall project (with 
at least the primary contact) and others for each organization.  Where direct contact between project
managers and data users does not occur, such as between a project consultant for a potentially 
responsible party and the EPA risk assessment staff, the organization chart should show the route by
which information is exchanged.

Field Activities
G. Johnson, graduate student

919-541-7612
State University

Engineering Department

Laboratory Activities
F. Haeberer, graduate

student
202-564-6872

State University
Chemistry Department

Data Management
B. Odom,

 assistant professor
202-564-6881

State University
Mathematics Department

Subcontractor
ABC Laboratories

 (GC/MS Analyses Only)
Laboratory Manager

E. Renard
908-321-4355
QA Manager
P. Lafornara

908-906-6988

Project QA Officer
T. Dixon, post doctoral fellow

202-564-6877
State University

Chemistry Department

Principal Investigator
J. Warren

202-564-6876
State University

Engineering Department

EPA Work Assignment Manager
*N. Wentworth
202-564-6830

Office of Research & Development

EPA QA Manager
B. Waldron

202-2564-6830
Office of Research & Development

communication only

*approving authority

Figure 3.  An Example of a Project Organization Chart

A5 PROBLEM DEFINITION/BACKGROUND

A5.1 Purpose/Background

The background information provided in this element will place the problem in historical
perspective, giving readers and users of the QAPP a sense of the project’s purpose and position relative  
to other project and program phases and initiatives.
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Provide a description of the work to be performed and the schedule for implementation.    
Include measurements that will be made during the course of the project; applicable technical,
regulatory, or program-specific quality standards, criteria, or objectives; any special personnel
and equipment requirements; assessment tools needed; a schedule for work to be performed;  
and project and quality records required, including types of reports needed.

A5.2 Problem Statement and Background

This discussion must include enough information about the problem, the past history, any
previous work or data, and any other regulatory or legal context to allow a technically trained reader to
make sense of the project objectives and activities.  This discussion should include:

• a description of the problem as currently understood, indicating its importance and
programmatic, regulatory, or research context;

• a summary of existing information on the problem, including any conflicts or
uncertainties that are to be resolved by the project;

• a discussion of initial ideas or approaches for resolving the problem there were 
considered before selecting the approach described in element A6, “Project/Task
Description”; and 

• the identification of the principal data user or decision maker (if know).

Note that the problem statement is the first step of the DQO Process and the decision specification is the
second step of the DQO Process.

A6 PROJECT/TASK DESCRIPTION AND SCHEDULE

A6.1 Purpose/Background

The purpose of the project/task description element is to provide the participants with a
background understanding of the project and the types of activities to be conducted, including the
measurements that will be taken and the associated QA/QC goals, procedures, and timetables for
collecting the measurements.

A6.2 Description of the Work to be Performed

(1) Measurements that are expected during the course of the project.  Describe the
characteristic or property to be studied and the measurement processes and techniques
that will be used to collect data. 

(2) Applicable technical quality standards or criteria.  Cite any relevant regulatory
standards or criteria pertinent to the project.  For example, if environmental data are
collected to test for compliance with a permit limit standard, the standard should be cited
and the numerical limits should be given in the QAPP.  The DQO Process refers to these
limits as "action levels," because the type of action taken by the decision maker will
depend on whether the measured levels exceed the limit (Step 5 of the DQO Process).

(3) Any special personnel and equipment requirements that may indicate the  
complexity of the project.  Describe any special personnel or equipment required for  
the specific type of work being planned or measurements being taken. 
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Describe the project quality objectives and measurement performance criteria.

1.   State the Problem

 2.   Identify the Decision

 4.  Define the Study Boundaries

5.   Develop a Decision Rule

6.  Specify Limits on Decision Errors

 7.   Optimize the Design for Obtaining Data

 3.  Identify Inputs to the Decision

Figure 4.  The DQO Process

(4) The assessment techniques needed for the project.  The degree of quality assessment
activity for a project will depend on the project's complexity, duration, and objectives.  A
discussion of the timing of each planned assessment and a brief outline of the roles of the
different parties to be involved should be included.

(5) A schedule for the work performed.  The anticipated start and completion dates for the
project should be given.  In addition, this discussion should include an approximate
schedule of important project milestones, such as the start of environmental  
measurement activities. 

(6) Project and quality records required, including the types of reports needed.  An
indication of the most important records should be given.

A7 QUALITY OBJECTIVES AND CRITERIA FOR MEASUREMENT DATA

A7.1 Purpose/Background

The purpose of this element is to document the DQOs of the project and to establish performance
criteria for the mandatory systematic planning process and measurement system that will be employed in
generating the data.

A7.2 Specifying Quality Objectives

This element of the QAPP should discuss the 
desired quality of the final results of the study to ensure that
the data user’s needs are met. The Agency strongly
recommends using the DQO Process (see Figure 4), a
systematic procedure for planning data collection activities,
to ensure that the right type, quality, and quantity of data are
collected to satisfy the data user's needs.  DQOs are
qualitative and quantitative statements that:

• clarify the intended use of the data, 
• define the type of data needed to support the

decision,
• identify the conditions under which the data

should be collected, and 
• specify tolerable limits on the probability of

making a decision error due to uncertainty
in the data.

Data Quality Indicators (DQIs) can be evolved from DQOs
for a sampling activity through the use of the DQO Process
(Appendix D).  Figure 4 shows the seven steps of the DQO
Process, which is explained in detail in EPA QA/G-4, Guidance for the Data Quality Objectives Process.
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Identify and describe any specialized training or certification requirements and discuss how
such training will be provided and how the necessary skills will be assured and documented.

 Appendix A.4 provides a crosswalk between the requirements of the QAPP and the DQO outputs.  The
QAPP should include a reference for a full discussion of the proposed DQOs.

For exploratory research, sometimes the goal is to develop questions that may be answered by
subsequent work.  Therefore, researchers may modify activities advocated in QA/G-4 to define decision
errors (see EPA QA/G-4R, Data Quality Objectives for Researchers).

A7.3 Specifying Measurement Performance Criteria

While the quality objectives state what the data user's needs are, they do not provide sufficient
information about how these needs can be satisfied.  The specialists who will participate in generating  
the data need to know the measurement performance criteria that must be satisfied to achieve the overall
quality objectives.  One of the most important features of the QAPP is that it links the data user's quality
objectives to verifiable measurement performance criteria.  Although the level of rigor with which this is
done and documented will vary widely, this linkage represents an important advancement in the
implementation of QA.  Once the measurement performance criteria have been established, sampling and
analytical methods criteria can be specified under the elements contained in Group B.

A8 SPECIAL TRAINING REQUIREMENTS/CERTIFICATION

A8.1 Purpose/Background

The purpose of this element is to ensure that any specialized training requirements necessary to
complete the projects are known and furnished and the procedures are described in sufficient detail to
ensure that specific training skills can be verified, documented, and updated as necessary.

A8.2 Training

Requirements for specialized training for nonroutine field sampling techniques, field analyses,
laboratory analyses, or data validation should be specified.  Depending on the nature of the  
environmental data operation, the QAPP may need to address compliance with specifically mandated
training requirements.  For example, contractors or employees working at a Superfund site need
specialized training as mandated by the Occupational Safety and Health (OSHA) regulations.  If
hazardous materials are moved offsite, compliance with the training requirements for shipping hazardous
materials as mandated by the Department of Transportation (DOT) in association with the International
Air Transportation Association may be necessary. This element of the QAPP should show that the
management and project teams are aware of specific health and safety needs as well as any other
organizational safety plans.

A8.3 Certification

Usually, the organizations participating in the project that are responsible for conducting training
and health and safety programs are also responsible for ensuring certification.  Training and certification
should be planned well in advance for necessary personnel prior to the implementation of the project.    
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Itemize the information and records that must be included in the data report package and   
specify the desired reporting format for hard copy and electronic forms, when used.

Identify any other records and documents applicable to the project, such as audit reports,  
interim progress reports, and final reports, that will be produced.

Specify or reference all applicable requirements for the final disposition of records and
documents, including location and length of retention period.

All certificates or documentation representing completion of specialized training should be maintained in
personnel files.

A9 DOCUMENTATION AND RECORDS

A9.1 Purpose/Background

This element defines which records are critical to the project and what information needs to be
included in reports, as well as the data reporting format and the document control procedures to be used. 
Specification of the proper reporting format, compatible with data validation, will facilitate clear, direct
communication of the investigation.

A9.2 Information Included in the Reporting Packages

The selection of which records to include in a data reporting package must be determined based
on how the data will be used.  Different "levels of effort" require different supporting QA/QC
documentation.  For example, organizations conducting basic research have different reporting
requirements from organizations collecting data in support of litigation or in compliance with permits. 
When possible, field and laboratory records should be integrated to provide a continuous reporting track. 
The following are examples of different records that may be included in the data reporting package.

A9.2.1 Field Operation Records

The information contained in these records documents overall field operations and generally
consists of the following:

• Sample collection records.  These records show that the proper sampling protocol was
performed in the field.  At a minimum, this documentation should include the names of
the persons conducting the activity, sample number, sample collection points, maps and
diagrams, equipment/method used, climatic conditions, and unusual observations.   
Bound field notebooks are generally used to record raw data and make references to
prescribed procedures and changes in planned activities.  They should be formatted to
include pre-numbered pages with date and signature lines.

• Chain-of-custody records.  Chain-of-custody records document the progression of
samples as they travel from the original sampling location to the laboratory and finally to
their disposal area.  (See Appendix C for an example of a chain-of-custody checklist.)
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• QC sample records.  These records document the generation of QC samples, such as
field, trip, and equipment rinsate blanks and duplicate samples.  They also include
documentation on sample integrity and preservation and include calibration and
standards’ traceability documentation capable of providing a reproducible reference 
point.  Quality control sample records should contain information on the frequency,
conditions, level of standards, and instrument calibration history. 

• General field procedures.  General field procedures record the procedures used in the
field to collect data and outline potential areas of difficulty in gathering specimens.

• Corrective action reports.  Corrective action reports show what methods were used in
cases where general field practices or other standard procedures were violated and 
include the methods used to resolve noncompliance.

If applicable, to show regulatory compliance in disposing of waste generated during the data operation,
procedures manifest and testing contracts should be included in the field procedures section.

A9.2.2 Laboratory Records

The following list describes some of the laboratory-specific records that should be compiled if
available and appropriate:

• Sample Data.  These records contain the times that samples were analyzed to verify that
they met the holding times prescribed in the analytical methods.  Included should be the
overall number of samples, sample location information, any deviations from the SOPs,
time of day, and date.  Corrective action procedures to replace samples violating the
protocol also should be noted.

• Sample Management Records.  Sample management records document sample receipt,
handling and storage, and scheduling of analyses.  The records verify that the chain-of-
custody and proper preservation were maintained, reflect any anomalies in the samples
(such as receipt of damaged samples), note proper log-in of samples into the laboratory,
and address procedures used to ensure that holding time requirements were met.

• Test Methods.  Unless analyses are performed exactly as prescribed by SOPs, this
documentation will describe how the analyses were carried out in the laboratory. This
includes sample preparation and analysis, instrument standardization, detection and
reporting limits, and test-specific QC criteria.  Documentation demonstrating laboratory
proficiency with each method used could be included.

• QA/QC Reports.  These reports will include the general QC records, such as initial
demonstration of capability, instrument calibration, routine monitoring of analytical
performance, calibration verification, etc.  Project-specific information from the QA/QC
checks such as blanks (field, reagent, rinsate, and method), spikes (matrix, matrix spike
replicate, analysis matrix spike, and surrogate spike), calibration check samples (zero
check, span check, and mid-range check), replicates, splits, and so on should be included
in these reports to facilitate data quality analysis.
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A9.2.3 Data Handling Records

These records document protocols used in data reduction, verification, and validation.  Data
reduction addresses data transformation operations such as converting raw data into reportable quantities
and units, use of significant figures, recording of extreme values, blank corrections, etc.  Data  
verification ensures the accuracy of data transcription and calculations, if necessary, by checking a set of
computer calculations manually.  Data validation ensures that QC criteria have been met.

A9.3 Data Reporting Package Format and Documentation Control

The format of all data reporting packages must be consistent with the requirements and
procedures used for data validation and data assessment described in Sections B, C, and D of the QAPP. 
All individual records that represent actions taken to achieve the objective of the data operation and the
performance of specific QA functions are potential components of the final data reporting package.  This
element should discuss how these various components will be assembled to represent a concise and
accurate record of all activities impacting data quality.  The discussion should detail the recording 
medium for the project, guidelines for hand-recorded data (e.g., using indelible ink), procedures for
correcting data (e.g., single line drawn through errors and initialed by the responsible person), and
documentation control.  Procedures for making revisions to technical documents should be clearly
specified and the lines of authority indicated.

A9.4 Data Reporting Package Archiving and Retrieval

The length of storage for the data reporting package may be governed by regulatory 
requirements, organizational policy, or contractual project requirements.  This element of the QAPP
should note the governing authority for storage of, access to, and final disposal of all records.

A9.5 References

Kanare, Howard M.  1985.  Writing the Laboratory Notebook.  Washington, DC:  American Chemical Society.

U.S. Environmental Protection Agency.  1993.  Guidance on Evaluation, Resolution, and Documentation of Analytical Problems
Associated with Compliance Monitoring.  EPA/821/B-93/001.
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Describe the experimental design or data collection design for the project.

Classify all measurements as critical or non-critical.

B MEASUREMENT/DATA ACQUISITION

B1 SAMPLING PROCESS DESIGN (EXPERIMENTAL DESIGN)

B1.1 Purpose/Background

The purpose of this element is to describe all the relevant components of the experimental    
design; define the key parameters to be estimated;  indicate the number and type of samples expected;    
and describe where, when, and how samples are to be taken.  The level of detail should be sufficient that
a person knowledgeable in this area could understand how and why the samples will be collected.  This
element provides the main opportunity for QAPP reviewers to ensure that the “right” samples will be
taken.  Strategies such as stratification, compositing, and clustering should be discussed, and diagrams or
maps showing sampling points should be included.  Most of this information should be available as
outputs from the final steps of the planning (DQO) process.

In addition to describing the design, this element of the QAPP should discuss the following: 

• a schedule for project sampling activities,
• a rationale for the design (in terms of meeting DQOs),
• the sampling design assumptions,
• the procedures for locating and selecting environmental samples,
• a classification of measurements as critical or noncritical, and
• the validation of any nonstandard sampling/measurement methods.

Elements B1.2 through B1.8 address these subjects.

B1.2 Scheduled Project Activities, Including Measurement Activities

This element should give anticipated start and completion dates for the project as well as
anticipated dates of major milestones, such as the following:

• schedule of sampling events;
• schedule for analytical services by offsite laboratories;
• schedule for phases of sequential sampling (or testing), if applicable;
• schedule of test or trial runs; and
• schedule for peer review activities.

The use of bar charts showing time frames of various QAPP activities to identify both potential
bottlenecks and the need for concurrent activities is recommended.

B1.3 Rationale for the Design

The objectives for an environmental study should be formulated in the planning stage of any
investigation.  The requirements and the rationale of the design for the collection of data are derived 
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from the quantitative outputs of the DQO Process.  The type of design used to collect data depends
heavily on the key characteristic being investigated.  For example, if the purpose of the study is to
estimate overall average contamination at a site or location, the characteristic (or parameter) of interest
would be the mean level of contamination.  This information is identified in Step 5 of the DQO Process. 
The relationship of this parameter to any decision that has to be made from the data collected is obtained
from Steps 2 and 3 of the DQO Process (see Figure 4).

The potential range of values for the parameter of interest should be considered during
development of the data collection methodology and can be greatly influenced by knowledge of potential
ranges in expected concentrations.  For example, the number of composite samples needed per unit area
is directly related to the variability in potential contaminant levels expected in that area.

The choice between a probability-based (statistical) data collection design or a nonrandom
(judgmental) data collection methodology depends on the ultimate use of the data being collected.  This
information is specified in Steps 5 and 6 of the DQO Process.  Adherence to the data collection design
chosen in Step 7 of the DQO Process directly affects the magnitude of potential decision error rates  
(false positive rate and false negative rate) established in Step 6 of the DQO Process.  Any procedures for
coping with unanticipated data collection design changes also should be briefly discussed.

B1.4 Design Assumptions 

The planning process usually recommends a specific data collection method (Step 7 of the DQO
Process), but the effectiveness of this methodology rests firmly on assumptions made to establish the   
data collection design.  Typical assumptions include the homogeneity of the medium to be sampled (for
example, sludge, fine silt, or wastewater effluent), the independence in the collection of individual 
samples (for example, four separate samples rather than four aliquots derived from a single sample), and
the stability of the conditions during sample collection (for example, the effects of a rainstorm during
collection of wastewater from an industrial plant).  The assumptions should have been considered during
the DQO Process and should be summarized together with a contingency plan to account for exceptions 
to the proposed sampling plan.  An important part of the contingency plan is documenting the procedures
to be adopted in reporting deviations or anomalies observed after the data collection has been completed. 
Examples include an extreme lack of homogeneity within a physical sample or the presence of analytes
that were not mentioned in the original sampling plan.  Chapter 1 of EPA QA/G-9 provides an overview
of sampling plans and the assumptions needed for their implementation.  EPA QA/G-5S provides 
guidance on the construction of sampling plans to meet the requirements generated by the DQO Process. 

B1.5 Procedures for Locating and Selecting Environmental Samples

The most appropriate plan for a particular sampling application will depend on: the practicality
and  feasibility (e.g., determining specific sampling locations) of the plan, the key characteristic (the
parameter established in Step 5 of the DQO Process) to be estimated, and the implementation resource
requirements (e.g., the costs of sample collection, transportation, and analysis).

This element of the QAPP should also describe the frequency of sampling and specific sample
locations (e.g., sample port locations and traverses for emissions source testing, well installation designs
for groundwater investigations) and sampling materials.  When decisions on the number and location of
samples will be made in the field, the QAPP should describe how these decisions will be driven whether 
by actual observations or by field screening data.  When locational data are to be collected, stored, and
transmitted, the methodology used must be described (or referenced) and include the following:
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Describe the procedures for collecting samples and identify the sampling methods and
equipment.  Include any implementation requirements, support facilities, sample preservation
requirements, and materials needed.  Describe the process for preparing and decontaminating
sampling equipment, including disposing decontamination by-products; selecting and
preparing sample containers, sample volumes, preservation methods, and maximum holding
times for sampling and/or analysis.

Describe specific performance requirements for the method.  Address what to do when a  
failure in the sampling occurs, who is responsible for corrective action, and how the
effectiveness of the corrective action shall be determined and documented.

• procedures for finding prescribed sample locations,
• contingencies for cases where prescribed locations are inaccessible, 
• location bias and its assessment, and
• procedures for reporting deviations from the sampling plan.

When appropriate, a map of the sample locations should be provided and locational map
coordinates supplied.  EPA QA/G-5S provides nonmandatory guidance on the practicality of  
constructing sampling plans and references to alternative sampling procedures.

B1.6 Classification of Measurements as Critical or Noncritical

All measurements should be classified as critical (i.e., required to achieve project objectives or
limits on decision errors, Step 6 of the DQO Process) or noncritical (for informational purposes only or
needed to provide background information).  Critical measurements will undergo closer scrutiny during
the data gathering and review processes and will have first claim on limited budget resources.  It is also
possible to include the expected number of samples to be tested by each procedure and the acceptance
criteria for QC checks (as described in element B5, “Quality Control Requirements”).

B1.7 Validation of Any Nonstandard Methods

For nonstandard sampling methods, sample matrices, or other unusual situations, appropriate
method validation study information may be needed to confirm the performance of the method for the
particular matrix.  The purpose of this validation information is to assess the potential impact on the
representativeness of the data generated.  For example, if qualitative data are needed from a modified
method, rigorous validation may not be necessary.  Such validation studies may include round-robin
studies performed by EPA or by other organizations.  If previous validation studies are not available,
some level of single-user validation study or ruggedness study should be performed during the project  
and included as part of the project's final report.  This element of the QAPP should clearly reference any
available validation study information.

B2 SAMPLING METHODS REQUIREMENTS

B2.1 Purpose/Background

Environmental samples should reflect the target population and parameters of interest.  As with
all other considerations involving environmental measurements, sampling methods should be chosen   
with respect to the intended application of the data.  Just as methods of analysis vary in accordance with 
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project needs, sampling methods can also vary according to these requirements.  Different sampling
methods have different operational characteristics, such as cost, difficulty, and necessary equipment.  In
addition, the sampling method can materially affect the representativeness, comparability, bias, and
precision of the final analytical result.

In the area of environmental sampling, there exists a great variety of sample types.  It is beyond
the scope of this document to provide detailed advice for each sampling situation and sample type. 
Nevertheless, it is possible to define certain common elements that are pertinent to many sampling
situations with discrete samples (see EPA QA/G-5S).

If a separate sampling and analysis plan is required or created for the project, it should be
included as an appendix to the QAPP.  The QAPP should simply refer to the appropriate portions of the
sampling and analysis plan for the pertinent information and not reiterate information.

B2.2 Describe the Sample Collection, Preparation, and Decontamination Procedures

(1) Select and describe appropriate sampling methods from the appropriate compendia of methods. 
For each parameter within each sampling situation, identify appropriate sampling methods from
applicable EPA regulations, compendia of methods, or other sources of methods that have been
approved by EPA.  When EPA-sanctioned procedures are available, they will usually be  
selected.  When EPA-sanctioned procedures are not available, standard procedures from other
organizations and disciplines may be used.  A complete description of non-EPA methods should
be provided in (or attached to) the QAPP.  Procedures for sample homogenization of nonaqueous
matrices may be described in part (2) as a technique for assuring sample representativeness.  In
addition, the QAPP should specify the type of sample to be collected (e.g., grab, composite,
depth-integrated, flow- weighted) together with the method of sample preservation.

(2) Discuss sampling methods' requirements.  Each medium or contaminant matrix has its own
characteristics that define the method performance and the type of material to be sampled. 
Investigators should address the following:

• actual sampling locations,
• choice of sampling method/collection,
• delineation of a properly shaped sample,
• inclusion of all particles within the volume sampled, and
• subsampling to reduce the representative field sample into a representative laboratory

aliquot.  

Having identified appropriate and applicable methods, it is necessary to include the
requirements for each method in the QAPP.  If there is more than one acceptable sampling 
method applicable to a particular situation, it may be necessary to choose one from among them. 
DQOs should be considered in choosing these methods to ensure that: a) the sample accurately
represents the portion of the environment to be characterized, b) the sample is of sufficient 
volume to support the planned chemical analysis, and c) the sample remains stable during
shipping and handling.

(3) Describe the decontamination procedures and materials.  Decontamination is primarily
applicable in situations of sample acquisition from solid, semi-solid, or liquid media, but it  
should be addressed, if applicable, for continuous monitors as well.  The investigator must
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consider the appropriateness of the decontamination procedures for the project at hand.  For
example, if contaminants are present in the environmental matrix at the 1% level, it is probably
unnecessary to clean sampling equipment to parts-per-billion (ppb) levels.  Conversely, if ppb-
level detection is required, rigorous decontamination or the use of disposable equipment is
required.  Decontamination by-products must be disposed of according to EPA policies and the
applicable rules and regulations that would pertain to a particular situation, such as the
regulations of OSHA, the Nuclear Regulatory Commission (NRC), and State and local
governments.

B2.3 Identify Support Facilities for Sampling Methods

Support facilities vary widely in their analysis capabilities, from percentage-level accuracy to
ppb-level accuracy.  The investigator must ascertain that the capabilities of the support facilities are
commensurate with the requirements of the sampling plan established in Step 7 of the DQO Process.  

B2.4 Describe Sampling/Measurement System Failure Response and Corrective Action Process

This section should address issues of responsibility for the quality of the data, the methods for
making changes and corrections, the criteria for deciding on a new sample location, and how these 
changes will be documented.  This section should describe what will be done if there are serious flaws
with the implementation of the sampling methodology and how these flaws will be corrected.  For
example, if part of the complete set of samples is found to be inadmissable, how replacement samples  
will be obtained and how these new samples will be integrated into the total set of data should be
described.

B2.5 Describe Sampling Equipment, Preservation, and Holding Time Requirements

This section includes the requirements needed to prevent sample contamination (disposable
samplers or samplers capable of appropriate decontamination), the physical volume of the material to be
collected (the size of composite samples, core material, or the volume of water needed for analysis), the
protection of physical specimens to prevent contamination from outside sources, the temperature
preservation requirements, and the permissible holding times to ensure against degradation of sample
integrity. 

B2.6 References

Publications useful in assisting the development of sampling methods include:

Solid and Hazardous Waste Sampling

U.S. Environmental Protection Agency.  1986.  Test Methods for Evaluating Solid Waste (SW-846).  3rd Ed., Chapter 9.

U.S. Environmental Protection Agency.  1985.  Characterization of Hazardous Waste Sites - A Methods Manual.  Vol. I, Site
Investigations.  EPA-600/4-84-075.  Environmental Monitoring Systems Laboratory.  Las Vegas, NV.

U.S. Environmental Protection Agency.  1984.  Characterization of Hazardous Waste Sites - A Methods Manual.  Vol. II,
Available Sampling Methods.  EPA-600/4-84-076.  Environmental Monitoring Systems Laboratory.  Las Vegas, NV.

U.S. Environmental Protection Agency.  1987.  A Compendium of Superfund Field Operations Methods.  NTIS PB88-181557. 
EPA/540/P-87/001.  Washington, DC.
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Ambient Air Sampling

U.S. Environmental Protection Agency.  1994.  Quality Assurance Handbook for Air Pollution Measurement Systems.  Vol. I,
Principles.  EPA 600/9-76-005.  Section 1.4.8 and Appendix M.5.6.

U.S. Environmental Protection Agency.  1994.  Quality Assurance Handbook for Air Pollution Measurement Systems.  Vol. II,
EPA 600/R-94-038b.  Sections 2.0.1 and 2.0.2 and individual methods.

U.S. Environmental Protection Agency.  1984. Compendium of Methods for the Determination of Toxic Organic Compounds in
Ambient Air.  EPA/600-4-84-41.  Environmental Monitoring Systems Laboratory.  Research Triangle Park, NC. 
Supplement:  EPA-600-4-87-006.  September 1986.

Source Testing (Air)

U.S. Environmental Protection Agency.  1994.  Quality Assurance Handbook for Air Pollution Measurement Systems.  Vol. III,
EPA 600/R-94-038c.  Section 3.0 and individual methods.

Water/ Ground Water

U.S. Environmental Protection Agency.  Handbook: Ground Water.  Cincinnati, OH.  EPA/625/6-87/016.  March 1987.

U.S. Environmental Protection Agency.  RCRA Ground Water Monitoring Technical Enforcement Guidance Document.
Washington, DC.  1986.

U.S. Environmental Protection Agency.  Standard Methods for the Examination of Water and Wastewater.  16th ed.
Washington, DC.  1985.

Acid Precipitation

U.S. Environmental Protection Agency.  1994.  Quality Assurance Handbook for Air Pollution Measurement Systems. Vol. V,
EPA 600/94-038e.

Meteorological Measurements

U.S. Environmental Protection Agency.  1989.  Quality Assurance Handbook for Air Pollution Measurement Systems. Vol. IV,
EPA 600/4-90-003.

Radioactive Materials and Mixed Waste

U.S. Department of Energy.  1989.  Radioactive-Hazardous Mixed Waste Sampling and Analysis: Addendum to SW-846.

Soils and Sediments

U.S. Environmental Protection Agency.  1985.  Sediment Sampling Quality Assurance User's Guide.  NTIS PB85-233542. 
EPA/600/4-85/048.  Environmental Monitoring Systems Laboratory.  Las Vegas, NV.

U.S. Environmental Protection Agency.  1989.  Soil Sampling Quality Assurance User's Guide.  EPA/600/8-89/046. 
Environmental Monitoring Systems Laboratory.  Las Vegas, NV.

Barth, D.S., and T.H. Starks. 1985.  Sediment Sampling Quality Assurance User's Guide.  EPA/600-4-85/048.  Prepared for
Environmental Monitoring and Support Laboratory.  Las Vegas, NV.

Statistics, Geostatistics, and Sampling Theory

Myers, J.C. 1997.  Geostatistical Error Measurement.  New York: Van Nostrand Reinhold.

Pitard, F.F. 1989.  Pierre Gy's Sampling Theory and Sampling Practice.  Vol I and II.  Boca Raton, FL: CRC Press.



23EPA QA/G-5 QA98

Describe the requirements and provisions for sample handling and custody in the field,
laboratory, and transport, taking into account the nature of the samples, the maximum
allowable sample holding times before extraction or analysis, and available shipping options
and schedules.

Include examples of sample labels, custody forms, and sample custody logs.

Miscellaneous

American Chemical Society Joint Board/Council Committee on Environmental Improvement. 1990.  Practical Guide for
Environmental Sampling and Analysis, Section II.  Environmental Analysis.  Washington, DC.

ASTM Committee D-34. 1986.  Standard Practices for Sampling Wastes from Pipes and Other Point Discharges.  Document
No. D34.01-001R7.

Keith, L. 1990.  EPA's Sampling and Analysis Methods Database Manual.  Austin, TX:  Radian Corp.

Keith, L. 1991.  Environmental Sampling and Analysis: A Practical Guide.  Chelsea, MI:  Lewis  Publishers, Inc.

B3 SAMPLE HANDLING AND CUSTODY REQUIREMENTS

B3.1 Purpose/Background

This element of the QAPP should describe all procedures that are necessary for ensuring that:

(1) samples are collected, transferred, stored, and analyzed by authorized personnel;

(2) sample integrity is maintained during all phases of sample handling and analyses; and 

(3) an accurate written record is maintained of sample handling and treatment from the time 
of its collection through laboratory procedures to disposal.

Proper sample custody minimizes accidents by assigning responsibility for all stages of sample handling
and ensures that problems will be detected and documented if they occur.  A sample is in custody if it is   
in actual physical possession or it is in a secured area that is restricted to authorized personnel.  The level
of custody necessary is dependent upon the project’s DQOs.  While enforcement actions necessitate
stringent custody procedures, custody in other types of situations (i.e., academic research) may be
primarily concerned only with the tracking of sample collection, handling, and analysis.

Sample custody procedures are necessary to prove that the sample data correspond to the sample
collected, if data are intended to be legally defensible in court as evidence.  In a number of situations, a
complete, detailed, unbroken chain of custody will allow the documentation and data to substitute for the
physical evidence of the samples (which are often hazardous waste) in a civil courtroom. Some statutes   
or criminal violations may still necessitate that the physical evidence of sample containers be presented
along with the custody and data documentation.

An outline of the scope of sample custody--starting from the planning of sample collection, field
sampling, sample analysis to sample disposal--should also be included.  This discussion should further
stress the completion of sample custody procedures, which include the transfer of sample custody from
field personnel to lab, sample custody within the analytical lab during sample preparation and analysis, 
and data storage.
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B3.2 Sample Custody Procedure

The QAPP should discuss the sample custody procedure at a level commensurate with the 
intended use of the data.  This discussion should include the following:

(1) List the names and responsibilities of all sample custodians in the field and laboratories.

(2) Give a description and example of the sample numbering system.

(3) Define acceptable conditions and plans for maintaining sample integrity in the field prior 
to and during shipment to the laboratory (e.g., proper temperature and preservatives).

(4) Give examples of forms and labels used to maintain sample custody and document   
sample handling in the field and during shipping.  An example of a sample log sheet is
given in Figure 5; an example sample label is given in Figure 6.

(5) Describe the method of sealing shipping containers with chain-of-custody seals.  An
example of a seal is given in Figure 7.

(6) Describe procedures that will be used to maintain the chain of custody and document
sample handling during transfer from the field to the laboratory, within the laboratory,  
and among contractors.  An example of a chain-of-custody record is given in Figure 8.

(7) Provide for the archiving of all shipping documents and associated paperwork.

(8) Discuss procedures that will ensure sample security at all times. 

(9) Describe procedures for within-laboratory chain-of-custody together with verification of
the printed name, signature, and initials of the personnel responsible for custody of
samples, extracts, or digests during analysis at the laboratory.  Finally, document  
disposal or consumption of samples should also be described.  A chain-of-custody
checklist is included in Appendix C to aid in managing this element.

Minor documentation of chain-of-custody procedures is generally applicable when:

• Samples are generated and immediately tested within a facility or site; and

• Continuous rather than discrete or integrated samples are subjected to real- or near real-
time analysis (e.g., continuous monitoring).

The discussion should be as specific as possible about the details of sample storage, transportation, and
delivery to the receiving analytical facility.
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Figure 5.  An Example of a Sample Log Sheet
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CUSTODY SEAL
______________
Date
                                
Signature

Figure 7.  An Example of a Custody Seal

CUSTODY SEAL

_______________
Date

_______________
Signature

(Name of Sampling Organization)

Sample Description:                                                                   
                                                                   
 

Plant:                                     Location:                                 
Date:                                                                                  
Time:                                                                                  
Media:                                    Station:                                   
Sample Type:                         Preservative:                           

Sampled By:                                                                             

Sample ID No.:                                                                         
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   Lab No.                                                                   

Figure 6.  An Example of a Sample Label
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SAMPLERS (Signature)

STATION 

N U M B E R STATION LOCATION D A T E T I M E

S A M P L E  T Y P E
S E Q  

NO.

NO. OF 

CONTAINERS

ANALYSIS  

REQUIREDWATER AIR

Comp Grabx

Relinquished by: (Signature) Received by: (Signature) DATE/T IME

Relinquished by: (Signature) Received by: (Signature) DATE/T IME

Relinquished by: (Signature) Received by: (Signature) DATE/T IME

Received by: (Signature) Received by Mobile Laboratory for field DATE/T IME

analysis: (Signature)

Received by: (Signature) DATE/TIME Received for Laboratory by: DATE/T IME

Method of Shipment:

Distribution:  Original  - Accompany Shipment
               1 Copy -  Survey Coordina tor Field Files

AIR

Relinquished by: (Signature) Received by: (Signature) DATE/T IME

Received by: (Signature)

Received by: (Signature)

Received by Mobile Laboratory for field
analysis: (Signature)

Received by: (Signature) DATE/TIME Received for Laboratory by: DATE/T IME

Figure 8.  An Example of a Chain-of-Custody Record
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Identify the analytical methods and equipment required, including sub-sampling or extraction
methods, laboratory decontamination procedures and materials (such as the case of hazardous  
or radioactive samples), waste disposal requirements (if any), and specific performance
requirements for the method.

Identify analytical methods by number, date, and regulatory citation (as appropriate).  If a
method allows the user to select from various options, then the method citations should state
exactly which options are being selected.  For non-standard methods, such as unusual sample
matrices and situations, appropriate method performance study information is needed to   
confirm the performance of the method for the particular matrix.  If previous performance 
studies are not available, they must be developed during the project and included as part of the
project results.

Address what to do when a failure in the analytical system occurs, who is responsible for
corrective action, and how the effectiveness of the corrective action shall be determined and
documented.  

Specify the laboratory turnaround time needed, if important to the project schedule.  Specify
whether a field sampling and/or laboratory analysis case narrative is required to provide a
complete description of any difficulties encountered during sampling or analysis.

B4 ANALYTICAL METHODS REQUIREMENTS

B4.1 Purpose/Background

The choice of analytical methods will be influenced by the performance criteria, Data Quality
Objectives, and possible regulatory criteria.  If appropriate, a citation of analytical procedures may be
sufficient if the analytical method is a complete SOP.  For other methods, it may suffice to reference a
procedure (i.e., from Test Methods for Evaluating Solid Waste, SW-846) and further supplement it with
the particular options/variations being used by the lab, the detection limits actually achieved, the 
calibration standards and concentrations used, etc.  If the procedure is unique or an adaption of a
“standard” method, complete analytical and sample preparation procedures will need to be attached to    
the QAPP.

Specific monitoring methods and requirements to demonstrate compliance traditionally were
specified in the applicable regulations and/or permits.  However, this approach is being replaced by the
Performance-Based Measurement System (PBMS).  PBMS is a process in which data quality needs,
mandates, or limitations of a program or project are specified and serve as a criterion for selecting
appropriate methods.  The regulated body selects the most cost-effective methods that meet the criteria
specified in the PBMS.  Under the PBMS framework, the performance of the method employed is
emphasized rather than the specific technique or procedure used in the analysis.  Equally stressed in this
system is the requirement that the performance of the method be documented and certified by the 
laboratory that appropriate QA/QC procedures have been conducted to verify the performance.  PBMS
applies to physical, chemical, and biological techniques of analysis performed in the field as well as in the
laboratory.  PBMS does not apply to the method-defined parameters.
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The QAPP should also address the issue of the quality of analytical data as indicated by the  
data’s ability to meet the QC acceptance criteria. This section should describe what should be done if the
calibration check samples exceed the control limits due to mechanical failure of the instrumentation, a  
drift in the calibration curve occurs, or if a reagent blank indicates contamination.  This section should 
also indicate the authorities responsible for the quality of the data, the protocols for making changes and
implementing corrective actions, and the methods for reporting the data and its limitations.

Laboratory contamination from the processing of hazardous materials such as toxic or   
radioactive samples for analysis and their ultimate disposal should be a considered during the planning
stages for selection of analysis methods.  Safe handling requirements for project samples in the    
laboratory with appropriate decontamination and waste disposal procedures should also be described.

B4.2 Subsampling

If subsampling is required, the procedures should be described in this QAPP element, and the    
full text of the subsampling operating procedures should be appended to the QAPP.  Because   
subsampling may involve more than one stage, it is imperative that the procedures be documented fully    
so that the results of the analysis can be evaluated properly.

B4.3 Preparation of the Samples

Preparation procedures should be described and standard methods cited and used where possible. 
Step-by-step operating procedures for the preparation of the project samples should be listed in an
appendix.  The sampling containers, methods of preservation, holding times, holding conditions, number
and types of all QA/QC samples to be collected, percent recovery, and names of the laboratories that will
perform the analyses need to be specifically referenced. 

B4.4 Analytical Methods

The citation of an analytical method may not always be sufficient to fully characterize a method
because the analysis of a sample may require deviation from a standard method and selection from the
range of options in the method.  The SOP for each analytical method should be cited or attached to the
QAPP, and all deviations or alternative selections should be detailed in the QAPP.

The matrix containing the subject analytes often dictates the sampling and analytical methods. 
Gaseous analytes often must be concentrated on a trap in order to collect a measurable quantity.  If the
matrix is a liquid or a solid, the analytes usually must be separated from it using various methods of
extraction.  Sometimes the analyte is firmly linked by chemical bonds to other elements and must be
subjected to digestion methods to be freed for analysis.  

Often the selected analytical methods may be presented conveniently in one or several tables
describing the matrix, the analytes to be measured, the analysis methods, the type, the precision/accuracy
data, the performance acceptance criteria, the calibration criteria, and etc. Appendix C contains a  
checklist of many important components to consider when selecting analytical methods.

B4.5 References

Greenberg, A.E., L.S. Clescer, and A. D. Eaton, eds.  1992.  Standard Methods for the Examination of Water and Wastewater. 
18th ed.  American Public Health Association.  Water Environment Federation.
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Identify required measurement QC checks for both the field and the laboratory.  State the
frequency of analysis for each type of QC check, and the spike compounds sources and levels. 
State or reference the required control limits for each QC check and corrective action required
when control limits are exceeded and how the effectiveness of the corrective action shall be
determined and documented.

Describe or reference the procedures to be used to calculate each of the QC statistics.

U.S. Environmental Protection Agency.  1996.  Quality Control:  Variability in Protocols.  EPA/600/9-91/034.  Risk Reduction
Engineering Laboratory.  U.S. EPA.  Cincinnati, OH.

U.S. Environmental  Protection Agency.  Test Methods for Evaluating Solid Waste.  SW-846.  Chapter 2, “Choosing the
Correct Procedure.”

B5 QUALITY CONTROL REQUIREMENTS

B5.1 Purpose/Background

QC is “the overall system of technical activities that measures the attributes and performance of   
a process, item, or service against defined standards to verify that they meet the stated requirements
established by the customer.”  QC is both corrective and proactive in establishing techniques to prevent  
the generation of unacceptable data, and so the policy for corrective action should be outlined.  This
element will rely on information developed in section A7, “Quality Objectives and Criteria for
Measurement Data,” which establishes measurement performance criteria. 

B5.2 QC Procedures

This element documents any QC checks not defined in other QAPP elements and should   
reference other elements that contain this information where possible.  Most of the QC acceptance limits  
of EPA methods are based on the results of interlaboratory studies.  Because of improvements in
measurement methodology and continual improvement efforts in individual laboratories, these    
acceptance limits may not be stringent enough for some projects. In some cases, acceptance limits are
based on intralaboratory studies (which often result in narrower acceptance limits than those based on
interlaboratory limits), and consultation with an expert may be necessary.  Other elements of the QAPP
that contain related sampling and analytical QC requirements include:

• Sampling Process Design (B1), which identifies the planned field QC samples as well   
as procedures for QC sample preparation and handling;

• Sampling Methods Requirements (B2), which includes requirements for determining if
the collected samples accurately represent the population of interest;

• Sample Handling and Custody Requirements (B3), which discusses any QC devices
employed to ensure samples are not tampered with (e.g., custody seals) or subjected to
other unacceptable conditions during transport;

• Analytical Methods Requirements (B4), which includes information on the   
subsampling methods and information on the preparation of QC samples in the sample
matrix (e.g., splits, spikes, and replicates); and
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• Instrument Calibration and Frequency (B7), which defines prescribed criteria for
triggering recalibration (e.g., failed calibration checks).

Table 1 lists QC checks often included in QAPPs.  The need for the specific check depends on   
the project objectives.

Table 1.  Project Quality Control Checks

QC Check Information Provided

Blanks
field blank
reagent blank
rinsate blank
method blank

transport and field handling bias
contaminated reagent
contaminated equipment
response of entire laboratory analytical system

Spikes
matrix spike
 matrix spike replicate
analysis matrix spike
surrogate spike

analytical (preparation + analysis) bias
analytical bias and precision
instrumental bias
analytical bias

Calibration Check Samples
zero check
span check
mid-range check

calibration drift and memory effects
calibration drift and memory effects
calibration drift and memory effects

Replicates, splits, etc.
collocated samples
field replicates
field splits
laboratory splits
laboratory replicates
analysis replicates

sampling + measurement precision
precision of all steps after acquisition
shipping + interlaboratory precision
interlaboratory precision
analytical precision
instrument precision

Many QC checks result in measurement data that are used to compute statistical indicators of data  
quality.  For example, a series of dilute solutions may be measured repeatedly to produce an estimate of 
the instrument detection limit.  The formulas for calculating such Data Quality Indicators (DQIs) should 
be provided or referenced in the text.  This element should also prescribe any limits that define    
acceptable data quality for these indicators (see also Appendix D, “Data Quality Indicators”).  A QC
checklist should be used to discuss the relation of QC to the overall project objectives with respect to: 

• the frequency and point in the measurement process in which the check sample is
introduced,

• the traceability of the standards,

• the matrix of the check sample,

• the level or concentration of the analyte of interest,

• the actions to be taken if a QC check identifies a failed or changed measurement system,

• the formulas for estimating DQIs, and
• the procedures for documenting QC results, including control charts.
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Describe how inspections and acceptance testing of environmental sampling and measurement
systems and their components will be performed and documented.

Identify and discuss the procedure by which final acceptance will be performed by independent
personnel and/or by the EPA Project Officer.

Describe how deficiencies are to be resolved and when re-inspection will be performed.

Describe or reference how periodic preventive and corrective maintenance of measurement or
test equipment shall be performed.  Identify the equipment and/or systems requiring periodic
maintenance.  Discuss how the availability of critical spare parts, identified in the operating
guidance and/or design specifications of the systems, will be assured and maintained.

Finally, this element should describe how the QC check data will be used to determine that
measurement performance is acceptable.  This step can be accomplished by establishing QC “warning” 
and “control” limits for the statistical data generated by the QC checks (see standard QC textbooks or 
refer to EPA QA/G-5T for operational details).

Depending on the breadth of the potential audience for reviewing and implementing the QAPP, it
may be advantageous to separate the field QC from the laboratory QC requirements.

B6 INSTRUMENT/EQUIPMENT TESTING, INSPECTION, AND MAINTENANCE
REQUIREMENTS

B6.1 Purpose/Background

The purpose of this element of the QAPP is to discuss the procedures used to verify that all
instruments and equipment are maintained in sound operating condition and are capable of operating at
acceptable performance levels.

B6.2 Testing, Inspection, and Maintenance

The procedures described should (1) reflect consideration of the possible effect of equipment
failure on overall data quality, including timely delivery of project results; (2) address any relevant site-
specific effects (e.g., environmental conditions); and (3) include procedures for assessing the equipment
status.  This element should address the scheduling of routine calibration and maintenance activities, the
steps that will be taken to minimize instrument downtime, and the prescribed corrective action    
procedures for addressing unacceptable inspection or assessment results.  This element should also  
include periodic maintenance procedures and describe the availability of spare parts and how an   
inventory of these parts is monitored and maintained.  The reader should be supplied with sufficient
information to review the adequacy of the instrument/equipment management program.  Appending    
SOPs containing this information to the QAPP and referencing the SOPs in the text are acceptable.

Inspection and testing procedures may employ reference materials, such as the National Institute 
of Standards and Technology’s (NIST’s) Standard Reference Materials (SRMs), as well as QC standards
or an equipment certification program.  The accuracy of calibration standards is important because all 
data will be measured in reference to the standard used.  The types of standards or special programs 
should be noted in this element, including the inspection and acceptance testing criteria for all  
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Identify all tools, gauges, instruments, and other sampling, measuring, and test equipment used
for data collection activities affecting quality that must be controlled and, at specified periods,
calibrated to maintain performance within specified limits.

Identify the certified equipment and/or standards used for calibration.  Describe or reference
how calibration will be conducted using certified equipment and/or standards with known valid
relationships to nationally recognized performance standards.  If no such nationally recognized
standards exist, document the basis for the calibration.  Indicate how records of calibration  
shall be maintained and be traceable to the instrument.

components.  The acceptance limits for verifying the accuracy of all working standards against primary
grade standards should also be provided.

B7 INSTRUMENT CALIBRATION AND FREQUENCY

B7.1 Purpose/Background

This element of the QAPP concerns the calibration procedures that will be used for instrumental
analytical methods and other measurement methods that are used in environmental measurements.  It is
necessary to distinguish between defining calibration as the checking of physical measurements against
accepted standards and as determining the relationship (function) of the response versus the   
concentration.  The American Chemical Society (ACS) limits the definition of the term calibration to the
checking of physical measurements against accepted standards, and uses the term standardization to
describe the determination of the response function.

B7.2 Identify the Instrumentation Requiring Calibration

The QAPP should identify any equipment or instrumentation that requires calibration to maintain
acceptable performance.  While the primary focus of this element is on instruments of the measurement
system (sampling and measurement equipment), all methods require standardization to determine the
relationship between response and concentration.

B7.3 Document the Calibration Method that Will Be Used for Each Instrument

The QAPP must describe the calibration method for each instrument in enough detail for another
researcher to duplicate the calibration method.  It may reference external documents such as EPA-
designated calibration procedures or SOPs providing that these documents can be easily obtained. 
Nonstandard calibration methods or modified standard calibration methods should be fully documented 
and justified.

Some instrumentation may be calibrated against other instrumentation or apparatus (e.g., NIST
thermometer), while other instruments are calibrated using standard materials traceable to national
reference standards.  QAPP documentation for calibration apparatus and calibration standards are
addressed in B7.4 and B7.5.

Calibrations normally involve challenging the measurement system or a component of the
measurement system at a number of different levels over its operating range.  The calibration may cover   
a narrower range if accuracy in that range is critical, given the end use of the data.  Single-point



34EPA QA/G-5 QA98

calibrations are of limited use, and two-point calibrations do not provide information on nonlinearity.  If
single- or two-point calibrations are used for critical measurements, the potential shortcomings should be
carefully considered and discussed in the QAPP.  Most EPA-approved analytical methods require
multipoint (three or more) calibrations that include zeros, or blanks, and higher levels so that unknowns 
fall within the calibration range and are bracketed by calibration points.  The number of calibration  
points, the calibration range, and any replication (repeated measures at each level) should be given in the
QAPP.

The QAPP should describe how calibration data will be analyzed. The use of statistical QC
techniques to process data across multiple calibrations to detect gradual degradations in the measurement
system should be described.  The QAPP should describe any corrective action that will be taken if
calibration (or calibration check) data fail to meet the acceptance criteria, including recalibration. 
References to appended SOPs containing the calibration procedures are an acceptable alternative to
describing the calibration procedures within the text of the QAPP.

B7.4 Document the Calibration Apparatus

Some instruments are calibrated using calibration apparatus rather than calibration standards.   
For example, an ozone generator is part of a system used to calibrate continuous ozone monitors. 
Commercially available calibration apparatus should be listed together with the make (the manufacturer's
name), the model number, and the specific variable control settings that will be used during the
calibrations.  A calibration apparatus that is not commercially available should be described in enough
detail for another researcher to duplicate the apparatus and follow the calibration procedure.

B7.5 Document the Calibration Standards

Most measurement systems are calibrated by processing materials that are of known and stable
composition.  References describing these calibration standards should be included in the QAPP. 
Calibration standards are normally traceable to national reference standards, and the traceability protocol
should be discussed.  If the standards are not traceable, the QAPP must include a detailed description of
how the standards will be prepared.  Any method used to verify the certified value of the standard
independently should be described.  

B7.6 Document Calibration Frequency

The QAPP must describe how often each measurement method will be calibrated.  It is desirable
that the calibration frequency be related to any known temporal variability (i.e., drift) of the    
measurement system.  The calibration procedure may involve less-frequent comprehensive calibrations  
and more-frequent simple drift checks.  The location of the record of calibration frequency and 
maintenance should be referenced.

B7.7 References

American Chemical Society.  1980.  “Calibration.”  Analytical Chemistry, Vol. 52, pps. 2,242-2,249.
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Dux, J.P. 1986.  Handbook of Quality Assurance for the Analytical Chemistry Laboratory.  New York:  Van Nostrand
Reinhold.
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Describe how and by whom supplies and consumables shall be inspected and accepted for use in
the project.  State acceptance criteria for such supplies and consumables.
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B8 INSPECTION/ACCEPTANCE REQUIREMENTS FOR SUPPLIES AND
CONSUMABLES

B8.1 Purpose

The purpose of this element is to establish and document a system for inspecting and accepting   
all supplies and consumables that may directly or indirectly affect the quality of the project or task.  If
these requirements have been included under another section, it is sufficient to provide a reference.

B8.2 Identification of Critical Supplies and Consumables

Clearly identify and document all supplies and consumables that may directly or indirectly affect
the quality of the project or task.  See Figures 9 and 10 for example documentation of
inspection/acceptance testing requirements.  Typical examples include sample bottles, calibration gases,
reagents, hoses, materials for decontamination activities, deionized water, and potable water.  

For each item identified, document the inspection or acceptance testing requirements or
specifications (e.g., concentration, purity, cell viability, activity, or source of procurement)  in addition to
any requirements for certificates of purity or analysis.

B8.3 Establishing Acceptance Criteria

Acceptance criteria must be consistent with overall project technical and quality criteria (e.g.,
concentration must be within ± 2.5%, cell viability must be >90%).  If special requirements are needed   
for particular supplies or consumables, a clear agreement should be established with the supplier, 
including the methods used for evaluation and the provisions for settling disparities. 

B8.4 Inspection or Acceptance Testing Requirements and Procedures

Inspections or acceptance testing should be documented, including procedures to be followed,
individuals responsible, and frequency of evaluation.  In addition, handling and storage conditions for
supplies and consumables should be documented.
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B8.5 Tracking and Quality Verification of Supplies and Consumables

Procedures should be established to ensure that inspections or acceptance testing of supplies and
consumables are adequately documented by permanent, dated, and signed records or logs that uniquely
identify the critical supplies or consumables, the date received, the date tested, the date to be retested (if
applicable), and the expiration date.  These records should be kept by the responsible individual(s) (see
Figure 11 for an example log).  In order to track supplies and consumables, labels with the information
on receipt and testing should be used. 

These or similar procedures should be established to enable project personnel to (1) verify, prior  
to use, that critical supplies and consumables meet specified project or task quality objectives; and
(2) ensure that supplies and consumables that have not been tested, have expired, or do not meet 
acceptance criteria are not used for the project or task.

 Unique identification no. (if not clearly shown)
 Date received
 Date opened
 Date tested (if performed)
 Date to be retested (if applicable)
 Expiration date

Figure 9.  Example of a Record for Consumables

Critical
Supplies and
Consumables

Inspection/
Acceptance
Testing
Requirements

Acceptance
Criteria

Testing
Method

Frequency Responsible 
Individual

Handling/Storage
Conditions

Figure 10.  Example of Inspection/Acceptance Testing Requirements

Critical Supplies
and Consumable
(Type, ID No.)

Date
Received

Meets Inspection/
Acceptance Criteria
(Y/N, Include Date)

Requires Retesting
(Y/N, If Yes, Include
Date)

Expiration
Date

Comments Initials/Date

Figure 11.  Example of a Log for Tracking Supplies and Consumables
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Identify any types of data needed for project implementation or decision making that are
obtained from non-measurement sources such as computer databases, programs, literature
files, and historical databases.

Define the acceptance criteria for the use of such data in the project and discuss any  
limitations on the use of the data resulting from uncertainty in its quality.

Document the rationale for the original collection of data and indicate its relevance to this
project.

B9 DATA ACQUISITION REQUIREMENTS (NON-DIRECT MEASUREMENTS)

B9.1 Purpose/Background

This element of the QAPP should clearly identify the intended sources of previously collected   
data and other information that will be used in this project.  Information that is non-representative and
possibly biased and is used uncritically may lead to decision errors.  The care and skepticism applied to  
the generation of new data are also appropriate to the use of previously compiled data (for example, data
sources such as handbooks and computerized databases).  

B9.2 Acquisition of Non-Direct Measurement Data

This element’s criteria should be developed to support the objectives of element A7.  Acceptance
criteria for each collection of data being considered for use in this project should be explicitly stated,
especially with respect to:

• Representativeness.  Were the data collected from a population that is sufficiently  
similar to the population of interest and the population boundaries?  How will potentially
confounding effects (for example, season, time of day, and cell type) be addressed so    
that these effects do not unduly alter the summary information?

• Bias.  Are there characteristics of the data set that would shift the conclusions.  For
example, has bias in analysis results been documented?  Is there sufficient information to
estimate and correct bias?

• Precision.  How is the spread in the results estimated?  Does the estimate of variability
indicate that it is sufficiently small to meet the objectives of this project as stated in
element A7?  See also Appendix D.

• Qualifiers.  Are the data evaluated in a manner that permits logical decisions on whether
or not the data are applicable to the current project?  Is the system of qualifying or
flagging data adequately documented to allow the combination of data sets?

• Summarization.  Is the data summarization process clear and sufficiently consistent   
with the goals of this project?  (See element D2 for further discussion.)  Ideally,
observations and transformation equations are available so that their assumptions can be
evaluated against the objectives of the current project.
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Describe the project data management scheme, tracing the path of the data from their
generation in the field or laboratory to their final use or storage.  Describe or reference the
standard record-keeping procedures, document control system, and the approach used for  
data storage and retrieval on electronic media.

Discuss the control mechanism for detecting and correcting errors and for preventing loss of
data during data reduction, data reporting, and data entry to forms, reports, and databases. 
Provide examples of any forms or checklists to be used.

Identify and describe all data handling equipment and procedures to process, compile, and
analyze the data, including any required computer hardware and software.  Address any
specific performance requirements and describe the procedures that will be followed to
demonstrate acceptability of the hardware/software configuration required.

Describe the process for assuring that applicable Agency information resource management
requirements and locational data requirements are satisfied.  If other Agency data 
management requirements are applicable, discuss how these requirements are addressed. 

This element should also include a discussion on limitations on the use of the data and the nature of the
uncertainty of the data.

B10 DATA MANAGEMENT

B10.1 Purpose/Background

This element should present an overview of all mathematical operations and analyses performed 
on raw (“as-collected”) data to change their form of expression, location, quantity, or dimensionality. 
These operations include data recording, validation, transformation, transmittal, reduction, analysis,
management, storage, and retrieval.  A diagram that illustrates the source(s) of the data, the processing
steps, the intermediate and final data files, and the reports produced may be helpful, particularly when 
there are multiple data sources and data files.  When appropriate, the data values should be subjected to 
the same chain-of-custody requirements as outlined in element B3.  Appendix G has further details. 

B10.2 Data Recording

Any internal checks (including verification and validation checks) that will be used to ensure    
data quality during data encoding in the data entry process should be identified together with the
mechanism for detailing and correcting recording errors.  Examples of data entry forms and checklists
should be included.

B10.3 Data Validation

The details of the process of data validation and prespecified criteria should be documented in   
this element of the QAPP.  This element should address how the method, instrument, or system performs
the function it is intended to consistently, reliably, and accurately in generating the data.  Part D of this
document addresses the overall project data validation, which is performed after the project has been
completed. 



39EPA QA/G-5 QA98

B10.4 Data Transformation

Data transformation is the conversion of individual data point values into related values or 
possibly symbols using conversion formulas (e.g., units conversion or logarithmic conversion) or a   
system for replacement.  The transformations can be reversible (e.g., as in the conversion of data points
using a formulas) or irreversible (e.g., when a symbol replaces actual values and the value is lost).  The
procedures for all data transformations should be described and recorded in this element.  The procedure
for converting calibration readings into an equation that will be applied to measurement readings should  
be documented in the QAPP.  Transformation and aberration of data for statistical analysis should be
outlined in element D3, “Reconciliation with Data Quality Objectives.”

B10.5 Data Transmittal

Data transmittal occurs when data are transferred from one person or location to another or when
data are copied from one form to another.  Some examples of data transmittal are copying raw data from  
a notebook onto a data entry form for keying into a computer file and electronic transfer of data over a
telephone or computer network.  The QAPP should describe each data transfer step and the procedures  
that will be used to characterize data transmittal error rates and to minimize information loss in the
transmittal. 

B10.6 Data Reduction

Data reduction includes all processes that change the number of data items.  This process is
distinct from data transformation in that it entails an irreversible reduction in the size of the data set and  
an associated loss of detail.  For manual calculations, the QAPP should include an example in which
typical raw data are reduced.  For automated data processing, the QAPP should clearly indicate how the
raw data are to be reduced with a well-defined audit trail, and reference to the specific software
documentation should be provided.

B10.7 Data Analysis

Data analysis sometimes involves comparing suitably reduced data with a conceptual model   
(e.g., a dispersion model or an infectivity model).  It frequently includes computation of summary 
statistics, standard errors, confidence intervals, tests of hypotheses relative to model parameters, and
goodness-of-fit tests.  This element should briefly outline the proposed methodology for data analysis    
and a more detailed discussion should be included in the final report.

B10.8 Data Tracking

Data management includes tracking the status of data as they are collected, transmitted, and
processed.  The QAPP should describe the established procedures for tracking the flow of data through  
the data processing system.

B10.9 Data Storage and Retrieval

The QAPP should discuss data storage and retrieval including security and time of retention, and 
it should document the complete control system.  The QAPP should also discuss the performance
requirements of the data processing system, including provisions for the batch processing schedule and   
the data storage facilities.
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Identify the number, frequency, and type of assessment activities needed for this project.

List and describe the assessments to be used in the project.  Discuss the information expected  
and the success criteria for each assessment proposed.  List the approximate schedule of 
activities, identify potential organizations and participants.  Describe how and to whom the 
results of the assessments shall be reported.

Define the scope of authority of the assessors, including stop work orders.  Define explicitly the
unsatisfactory conditions under which the assessors are authorized to act and provide an
approximate schedule for the assessments to be performed.

Discuss how response actions to non-conforming conditions shall be addressed and by whom. 
Identify who is responsible for implementing the response action and describe how response
actions shall be verified and documented.

C ASSESSMENT/OVERSIGHT

C1 ASSESSMENTS AND RESPONSE ACTIONS

C1.1 Purpose/Background

During the planning process, many options for sampling design (see EPA QA/G-5S, Guidance   
on Sampling Design to Support QAPPs), sample handling, sample cleanup and analysis, and data
reduction are evaluated and chosen for the project.  In order to ensure that the data collection is   
conducted as planned, a process of evaluation and validation is necessary.  This element of the QAPP
describes the internal and external checks necessary to ensure that:

• all elements of the QAPP are correctly implemented as prescribed,
• the quality of the data generated by implementation of the QAPP is adequate, and
• corrective actions, when needed, are implemented in a timely manner and their

effectiveness is confirmed.

Although any external assessments that are planned should be described in the QAPP, the most
important part of this element is documenting all planned internal assessments.  Generally, internal
assessments are initiated or performed by the internal QA Officer so the activities described in this  
element should be related to the responsibilities of the QA Officer as discussed in Section A4.

C1.2 Assessment Activities and Project Planning

The following is a description of various types of assessment activities available to managers in
evaluating the effectiveness of environmental program implementation.

C1.2.1 Assessment of the Subsidiary Organizations

A. Management Systems Review (MSR).  A form of management assessment, this process is 
a qualitative assessment of a data collection operation or organization to establish  
whether the prevailing quality management structure, policies, practices, and procedures
are adequate for ensuring that the type and quality of data needed are obtained.  The  
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MSR is used to ensure that sufficient management controls are in place and carried out  
by the organization to adequately plan, implement, and assess the results of the project. 
See the Guidance for the Management Systems Review Process (EPA QA/G-3).

B. Readiness reviews.  A readiness review is a technical check to determine if all  
components of the project are in place so that work can commence on a specific phase.  

C1.2.2 Assessment of Project Activities

A. Surveillance.  Surveillance is the continual or frequent monitoring of the status of a 
project and the analysis of records to ensure that specified requirements are being  
fulfilled.

B. Technical Systems Audit (TSA).  A TSA is a thorough and systematic onsite qualitative
audit, where facilities, equipment, personnel, training, procedures, and record keeping   
are examined for conformance to the QAPP.  The TSA is a powerful audit tool with  
broad coverage that may reveal weaknesses in the management structure, policy, 
practices, or procedures.  The TSA is ideally conducted after work has commenced, but
before it has progressed very far, thus giving opportunity for corrective action.

C. Performance Evaluation (PE).  A PE is a type of audit in which the quantitative data
generated by the measurement system are obtained independently and compared with
routinely obtained data to evaluate the proficiency of an analyst or laboratory.  "Blind"  
PE samples are those whose identity is unknown to those operating the measurement
system.  Blind PEs often produce better performance assessments because they are 
handled routinely and are not given the special treatment that undisguised PEs    
sometimes receive.  The QAPP should list the PEs that are planned, identifying:

• the constituents to be measured,
• the target concentration ranges,
• the timing/schedule for PE sample analysis, and
• the aspect of measurement quality to be assessed (e.g., bias, precision, 

and detection limit).

A number of EPA regulations and EPA-sanctioned methods require the successful
accomplishment of PEs before the results of the test can be considered valid.  PE 
materials are now available from commercial sources and a number of EPA Program
Offices coordinate various interlaboratory studies and laboratory proficiency programs. 
Participation in these or in the National Voluntary Laboratory Accreditation Program
(NVLAP, run by NIST) should be mentioned in the QAPP. 

D. Audit of Data Quality (ADQ).  An ADQ reveals how the data were handled, what
judgments were made, and whether uncorrected mistakes were made.  Performed prior to
producing a project’s final report, ADQs can often identify the means to correct 
systematic data reduction errors.

E. Peer review.  Peer review is not a TSA, nor strictly an internal QA function, as it may
encompass non-QA aspects of a project and is primarily designed for scientific review. 
Whether a planning team chooses ADQs or peer reviews depends upon the nature of the
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project, the intended use of the data, the policies established by the sponsor of the   
project, and overall the conformance to the Program Office or Region’s peer-review
policies and procedures.  Reviewers are chosen who have technical expertise comparable
to the project’s performers but who are independent of the project.  ADQs and peer
reviews ensure that the project activities:

• were technically adequate,
• were competently performed,
• were properly documented,
• satisfied established technical requirements, and
• satisfied established QA requirements.

In addition, peer reviews assess the assumptions, calculations, extrapolations, alternative
interpretations, methods, acceptance criteria, and conclusions documented in the   
project’s report.  Any plans for peer review should conform with the Agency’s peer-
review policy and guidance.  The names, titles, and positions of the peer reviewers   
should be included in the final QAPP, as should their report findings, the QAPP authors’
documented responses to their findings, and reference to where responses to peer-review
comments may be located, if necessary.

F. Data Quality Assessment (DQA).  DQA involves the application of statistical tools to
determine whether the data meet the assumptions that the DQOs and data collection 
design were developed under and whether the total error in the data is tolerable.   
Guidance for the Data Quality Assessment Process (EPA QA/G-9) provides
nonmandatory guidance for planning, implementing, and evaluating retrospective
assessments of the quality of the results from environmental data operations.

C1.3 Documentation of Assessments

The following material describes what should be documented in a QAPP after consideration of  
the above issues and types of assessments.  

C1.3.1 Number, Frequency, and Types of Assessments

Depending upon the nature of the project, there may be more than one assessment.  A schedule    
of the number, frequencies, and types of assessments required should be given.

C1.3.2 Assessment Personnel

The QAPP should specify the individuals, or at least the specific organizational units, who will
perform the assessments.  Internal audits are usually performed by personnel who work for the 
organization performing the project work but who are organizationally independent of the management    
of the project.  External audits are performed by personnel of organizations not connected with the   
project but who are technically qualified and who understand the QA requirements of the project.

C1.3.3 Schedule of Assessment Activities

A schedule of audit activities, together with relevant criteria for assessment, should be given to  
the extent that it is known in advance of project activities. 
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Identify the frequency and distribution of reports issued to inform management of the status  
of the project; results of performance evaluations and systems audits; results of periodic data
quality assessments; and significant quality assurance problems and recommended solutions.

Identify the preparer and the recipients of the reports, and the specific actions management is
expected to take as a result of the reports.

C1.3.4 Reporting and Resolution of Issues

Audits, peer reviews, and other assessments often reveal findings of practice or procedure that do
not conform to the written QAPP.  Because these issues must be addressed in a timely manner, the 
protocol for resolving them should be given here together with the proposed actions to ensure that the
corrective actions were performed effectively.  The person to whom the concerns should be addressed,    
the decision making hierarchy, the schedule and format for oral and written reports, and the    
responsibility for corrective action should all be discussed in this element. It also should explicitly define
the unsatisfactory conditions upon which the assessors are authorized to act and list the project personnel
who should receive assessment reports.

C2 REPORTS TO MANAGEMENT

C2.1 Purpose/Background

Effective communication between all personnel is an integral part of a quality system.  Planned
reports provide a structure for apprising management of the project schedule, the deviations from  
approved QA and test plans, the impact of these deviations on data quality, and the potential    
uncertainties in decisions based on the data.  Verbal communication on deviations from QA plans should 
be noted in summary form in element D1 of the QAPP.

C2.2 Frequency, Content, and Distribution of Reports

The QAPP should indicate the frequency, content, and distribution of the reports so that
management may anticipate events and move to ameliorate potentially adverse results.  An important
benefit of the status reports is the opportunity to alert the management of data quality problems, propose
viable solutions, and procure additional resources.  If program assessment (including the evaluation of   
the technical systems, the measurement of performance, and the assessment of data) is not conducted on    
a continual basis, the integrity of the data generated in the program may not meet the quality  
requirements.  These audit reports, submitted in a timely manner, will provide an opportunity to  
implement corrective actions when most appropriate.

C2.3 Identify Responsible Organizations

It is important that the QAPP identify the personnel responsible for preparing the reports,
evaluating their impact, and implementing follow-up actions.  It is necessary to understand how any
changes made in one area or procedure may affect another part of the project.  Furthermore, the
documentation for all changes should be maintained and included in the reports to management.  At the  
end of a project, a report documenting the Data Quality Assessment findings to management should be
prepared.
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State the criteria used to review and validate data.

Provide examples of any forms or checklists to be used.

Identify any project-specific calculations required.

D DATA VALIDATION AND USABILITY

D1 DATA REVIEW, VALIDATION, AND VERIFICATION REQUIREMENTS

D1.1 Purpose/Background

The purpose of this element is to state the criteria for deciding the degree to which each data    
item has met its quality specifications as described in Group B.  Investigators should estimate the  
potential effect that each deviation from a QAPP may have on the usability of the associated data item,   
its contribution to the quality of the reduced and analyzed data, and its effect on the decision.

The process of data verification requires confirmation by examination or provision of objective
evidence that the requirements of these specified QC acceptance criteria are met.  In design and
development, verification concerns the process of examining the result of a given activity to determine
conformance to the stated requirements for that activity.  For example, have the data been collected
according to a specified method and have the collected data been faithfully recorded and transmitted?     
Do the data fulfill specified data format and metadata requirements.  The process of data verification
effectively ensures the accuracy of data using validated methods and protocols and is often based on
comparison with reference standards.  

The process of data validation requires confirmation by examination and provision of objective
evidence that the particular requirements for a specific intended use have been fulfilled.  In design and
development, validation concerns the process of examining a product or result to determine conformance  
to user needs.  For example, have the data and assessment methodology passed a peer review to evaluate
the adequacy of their accuracy and precision in assessing progress towards meeting the specific
commitment articulated in the objective or subobjective.  The method validation process effectively
develops the QC acceptance criteria or specific performance criteria.

Each of the following areas of discussion should be included in the QAPP elements.  The
discussion applies to situations in which a sample is separated from its native environment and  
transported to a laboratory for analysis and data generation.  However, these principles can be adapted to
other situations (for example, in-situ analysis or laboratory research). 

D1.2 Sampling Design

How closely a measurement represents the actual environment at a given time and location is a
complex issue that is considered during development of element B1.  See Guidance on Sampling Designs
to Support QAPPs (EPA QA/G-5S).  Acceptable tolerances for each critical sample coordinate and the
action to be taken if the tolerances are exceeded should be specified in element B1.

Each sample should be checked for conformity to the specifications, including type and location
(spatial and temporal).  By noting the deviations in sufficient detail, subsequent data users will be able to
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determine the data’s usability under scenarios different from those included in project planning.  The
strength of conclusions that can be drawn from data (see Guidance Document for Data Quality
Assessment, EPA QA/G-9) has a direct connection to the sampling design and deviations from that  
design.  Where auxiliary variables are included in the overall data collection effort (for example,
microbiological nutrient characteristics or process conditions), they should be included in this evaluation.

D1.3 Sample Collection Procedures

Details of how a sample is separated from its native time/space location are important for  
properly interpreting the measurement results.  Element B2 provides these details, which include   
sampling and ancillary equipment and procedures (including equipment decontamination).  Acceptable
departures (for example, alternate equipment) from the QAPP, and the action to be taken if the
requirements cannot be satisfied, should be specified for each critical aspect.  Validation activities should
note potentially unacceptable departures from the QAPP.  Comments from field surveillance on   
deviations from written sampling plans also should be noted.

D1.4 Sample Handling

Details of how a sample is physically treated and handled during relocation from its original site  
to the actual measurement site are extremely important.  Correct interpretation of the subsequent
measurement results requires that deviations from element B3 of the QAPP and the actions taken to
minimize or control the changes, be detailed.  Data collection activities should indicate events that occur
during sample handling that may affect the integrity of the samples.

At a minimum, investigators should evaluate the sample containers and the preservation methods
used and ensure that they are appropriate to the nature of the sample and the type of data generated from
the sample.  Checks on the identity of the sample (e.g., proper labeling and chain-of-custody records) as
well as proper physical/chemical storage conditions (e.g., chain-of-custody and storage records) should   
be made to ensure that the sample continues to be representative of its native environment as it moves
through the analytical process. 

D1.5 Analytical Procedures

Each sample should be verified to ensure that the procedures used to generate the data (as
identified in element B4 of the QAPP) were implemented as specified.  Acceptance criteria should be
developed for important components of the procedures, along with suitable codes for characterizing each
sample's deviation from the procedure.  Data validation activities should determine how seriously a  
sample deviated beyond the acceptable limit so that the potential effects of the deviation can be     
evaluated during DQA.

D1.6 Quality Control

Element B5 of the QAPP specifies the QC checks that are to be performed during sample
collection, handling, and analysis.  These include analyses of check standards, blanks, spikes, and
replicates, which provide indications of the quality of data being produced by specified components of    
the measurement process.  For each specified QC check, the procedure, acceptance criteria, and   
corrective action (and changes) should be specified.  Data validation should document the corrective
actions that were taken, which samples were affected, and the potential effect of the actions on the   
validity of the data.
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Describe the process to be used for validating and verifying data, including the chain of 
custody for data throughout the life cycle of the project or task.

Discuss how issues shall be resolved and identify the authorities for resolving such issues.

Describe how the results are conveyed to the data users.

Precisely define and interpret how validation issues differ from verification issues for this
project.

D1.7 Calibration

Element B7 addresses the calibration of instruments and equipment and the information that 
should be presented to ensure that the calibrations:

• were performed within an acceptable time prior to generation of measurement data;

• were performed in the proper sequence;

• included the proper number of calibration points;

• were performed using standards that “bracketed” the range of reported measurement
results (otherwise, results falling outside the calibration range are flagged as such); and

• had acceptable linearity checks and other checks to ensure that the measurement system
was stable when the calibration was performed.

When calibration problems are identified, any data produced between the suspect calibration event and  
any subsequent recalibration should be flagged to alert data users.

D1.8 Data Reduction and Processing

Checks on data integrity evaluate the accuracy of “raw” data and include the comparison of
important events and the duplicate rekeying of data to identify data entry errors.

Data reduction is an irreversible process that involves a loss of detail in the data and may involve
averaging across time (for example, hourly or daily averages) or space (for example, compositing results
from samples thought to be physically equivalent).  Since this summarizing process produces few values  
to represent a group of many data points, its validity should be well-documented in the QAPP.  Potential
data anomalies can be investigated by simple statistical analyses (see Guidance for Data Quality
Assessment, EPA QA/G-9).

The information generation step involves the synthesis of the results of previous operations and  
the construction of tables and charts suitable for use in reports.  How information generation is checked,
the requirements for the outcome, and how deviations from the requirements will be treated, should be
addressed in this element.

D2 VALIDATION AND VERIFICATION METHODS
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Describe how the results obtained from the project or task will be reconciled with the
requirements defined by the data user or decision maker.

Outline the proposed methods to analyze the data and determine possible anomalies or 
departures from assumptions established in the planning phase of data collection.

Describe how issues will be resolved and discuss how limitations on the use of the data will be
reported to decision makers.

D2.1 Purpose/Background

The purpose of this element is to describe, in detail, the process for validating (determining if   
data satisfy QAPP-defined user requirements) and verifying (ensuring that conclusions can be correctly
drawn) project data.  The amount of data validated is directly related to the DQOs developed for the
project.  The percentage validated for the specific project together with its rationale should be outlined or
referenced.  The QAPP should have a clear definition of what is implied by “verification” and 
“validation.”

D2.2 Describe the Process for Validating and Verifying Data

The individuals responsible for data validation together with the lines of authority should be 
shown on an organizational chart and may be indicated in the chart in element A7.  The chart should
indicate who is responsible for each activity of the overall validation and verification processes.  

The data to be validated should be compared to “actual” events using the criteria documented in
the QAPP.  The data validation procedure for all environmental measurements should be documented in 
the SOPs for specific data validation.  Verification and validation issues are discussed at length in
Guidance on Environmental Verification and Validation, (EPA QA/G-8).

D3 RECONCILIATION WITH DATA QUALITY OBJECTIVES

D3.1 Purpose/Background

The purpose of element D3 is to outline and specify, if possible, the acceptable methods for
evaluating the results obtained from the project.  This element includes scientific and statistical  
evaluations of data to determine if the data are of the right type, quantity, and quality to support their
intended use. 

D3.2 Reconciling Results with DQOs

The DQA process has been developed for cases where formal DQOs have been established. 
Guidance for Data Quality Assessment (EPA QA/G-9) focuses on evaluating data for fitness in decision 
making and also provides many graphical and statistical tools.

DQA is a key part of the assessment phase of the data life cycle, as shown in Figure 1.  As the 
part of the assessment phase that follows data validation and verification, DQA determines how well the
validated data can support their intended use.  If an approach other than DQA has been selected, an  
outline of the proposed activities should be included.
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Quality Assurance Project Plan (QAPP) Checklist 
 
Study Title:_______________________________________________________________ 
Date Received:__________________Date Review Completed:____________________ 
SQAMO or QA Officer Signature____________________________________________ 
 
The QA Project Plan must address the following groups of elements: 
 
A.     Project Management- This group of QAPP elements covers the basic area of project 
management, including the project history and objectives, roles and responsibilities of the 
participants, etc. 
 
          A1     ____     Title and Approval Sheet (Project Officer Must Sign and Date) 
          A2     ____     Table of Contents 
          A3     ____     Distribution List (QAPP and Final Reports) 
          A4     ____     Project/Task Organization 
          A5     ____     Problem Definition/Background 
          A6     ____     Project/Task Description 
          A7     ____     Data Quality Objectives and Criteria for Data Measurement  
          A8     ____     Special Training Requirements/Certifications (If Required) 
          A9     ____     Documentation and Records 
 
B.     Measurement/Data Acquisition- This group of QAPP elements covers all aspects of 
measurement system design and implementation, ensuring that appropriate methods for sampling, 
analysis, data handling, and QC are employed and properly documented. 
 
          B1     ____     Sampling Process Design( Experimental Design) 
          B2     ____     Sampling Methods Requirements 
          B3     ____     Sample Handling and Chain of Custody  
          B4     ____     Analytical Methods Requirements( Cite Approved Methods Used) 
          B5     ____     Quality Control Requirements 
          B6     ____     Instrument/Equipment Selection, Preventative and Remedial Maintenance 
          B7     ____     Instrument Calibration Procedures 
          B8     ____     Inspection/Acceptance Requirements for Supplies and Consumables 
          B9     ____     Data Acquisition Requirements( Non- direct Measurements) 
          B10   ____     Data Management (Record- Keeping and Data Storage) 
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C.     Assessment/Oversight- This group of QAPP elements addresses the activities for assessing the 
effectiveness of the associated QA/QC.   
 
             

   C1     ____     Assessment Activities and Corrective Action 
            C2     ____     Reports of Performance Evaluations, System Audits, Data Assessments 
 
 
D.     Data Validation and Usability-     This group of QAPP elements covers the activities that occur 
after data collection and ensure specified project criteria are achieved. 
 
          D1     ____     Data Review, Validation, and Verification 
           D2     ____     Documentation, Data Reduction and Reporting 
           D3     ____     Interim/ Final Reports and Limitations on Data Use 
 
Documentation, such as the Work Plan, Standard Operating Procedures( SOPs), etc., may be 
referenced in response to a particular required QAPP element to reduce the size of the QAPP and 
the time required for preparation and review.  All referenced documents must be attached to the 
QAPP.  Such references must be kept current by the submitter. 
 
Comments:___________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________ 
 
 
 
 
 
 
 
 
 
 
EQC-Lab- QA Office                                                                       QAPP  Directive, August 1999 
                                                                                                          Reference: EPA QA/R-5 
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Bureau of Environmental Services 
Office of Quality Assurance 

 
              
        PQAP Checklist 
 
Study Title: ___________________________________________________ 
Date Received:______________Date Review Completed:_______________ 
SQAMO or QA Officer Signature__________________________________ 
 
The PQAP shall include or address: 
 
___  a project description, including the purpose of the work, data collection activities to 
be performed, and how the environmental data will be used; 
 
___  a statement of the project objectives, expected level of confidence in data, and 
criteria for successful completion; 
 
___  a description of the sampling and analytical design, including identifying critical and 
non critical aspects, sampling and analytical methods to be used, calibration requirements 
for instruments, and performance criteria; 
 
___  a description of the handling and custody of samples, including sample 
identification, preservation, transportation, storage, and disposal; 
 
___  a listing of the proposed start and ending dates for the project and deliverables, 
signature of project manager and date; 
 
___  a listing of the key project staff and their roles and responsibilities; 
 
___  a description of how quality will be assured during the project, including the use of 
performance evaluations, assessments, procedures for data validation and verification,  
corrective actions, and QA/QC activities performed 
 
                                                     SCDHEC  PQAP Directive, August 1999, EPA 
QA/R5                  
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APPENDIX B 

GLOSSARY OF QUALITY ASSURANCE AND RELATED TERMS

Acceptance criteria — Specified limits placed on characteristics of an item, process, or service defined   
in requirements documents.  (ASQC Definitions)

Accuracy — A measure of the closeness of an individual measurement or the average of a number of
measurements to the true value. Accuracy includes a combination of random error (precision) and
systematic error (bias) components that are due to sampling and analytical operations; the EPA
recommends using the terms “precision” and “bias”, rather than “accuracy,” to convey the information
usually associated with accuracy.  Refer to Appendix D, Data Quality Indicators for a more detailed
definition.

Activity — An all-inclusive term describing a specific set of operations of related tasks to be performed,
either serially or in parallel (e.g., research and development, field sampling, analytical operations,
equipment fabrication), that, in total, result in a product or service.

Assessment — The evaluation process used to measure the performance or effectiveness of a system and
its elements.  As used here, assessment is an all-inclusive term used to denote any of the following: audit,
performance evaluation (PE), management systems review (MSR), peer review, inspection, or  
surveillance.

Audit (quality) — A systematic and independent examination to determine whether quality activities    
and related results comply with planned arrangements and whether these arrangements are implemented
effectively and are suitable to achieve objectives.  

Audit of Data Quality (ADQ) — A qualitative and quantitative evaluation of the documentation and
procedures associated with environmental measurements to verify that the resulting data are of    
acceptable quality.

Authenticate — The act of establishing an item as genuine, valid, or authoritative.

Bias — The systematic or persistent distortion of a measurement process, which causes errors in one
direction (i.e., the expected sample measurement is different from the sample’s true value).  Refer to
Appendix D, Data Quality Indicators, for a more detailed definition.

Blank — A sample subjected to the usual analytical or measurement process to establish a zero baseline 
or background value.  Sometimes used to adjust or correct routine analytical results.  A sample that is
intended to contain none of the analytes of interest.  A blank is used to detect contamination during   
sample handling preparation and/or analysis.

Calibration — A comparison of a measurement standard, instrument, or item with a standard or
instrument of higher accuracy to detect and quantify inaccuracies and to report or eliminate those
inaccuracies by adjustments.  

Calibration drift — The deviation in instrument response from a reference value over a period of time
before recalibration.
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Certification — The process of testing and evaluation against specifications designed to document,  
verify, and recognize the competence of a person, organization, or other entity to perform a function or
service, usually for a specified time.  

Chain of custody — An unbroken trail of accountability that ensures the physical security of samples,
data, and records.

Characteristic — Any property or attribute of a datum, item, process, or service that is distinct,
describable, and/or measurable.

Check standard — A standard prepared independently of the calibration standards and analyzed exactly
like the samples.  Check standard results are used to estimate analytical precision and to indicate the
presence of bias due to the calibration of the analytical system.

Collocated samples — Two or more portions collected at the same point in time and space so as to be
considered identical.  These samples are also known as field replicates and should be identified as such.

Comparability — A measure of the confidence with which one data set or method can be compared to
another.

Completeness — A measure of the amount of valid data obtained from a measurement system compared 
to the amount that was expected to be obtained under correct, normal conditions.  Refer to Appendix D,
Data Quality Indicators, for a more detailed definition.

Confidence Interval — The numerical interval constructed around a point estimate of a population
parameter, combined with a probability statement (the confidence coefficient) linking it to the   
population's true parameter value.  If the same confidence interval construction technique and  
assumptions are used to calculate future intervals, they will include the unknown population parameter 
with the same specified probability.  

Confidentiality procedure — A procedure used to protect confidential business information (including
proprietary data and personnel records) from unauthorized access.

Configuration — The functional, physical, and procedural characteristics of an item, experiment, or
document.

Conformance — An affirmative indication or judgment that a product or service has met the  
requirements of the relevant specification, contract, or regulation; also, the state of meeting the
requirements.

Consensus standard — A standard established by a group representing a cross section of a particular
industry or trade, or a part thereof.

Contractor — Any organization or individual contracting to furnish services or items or to perform   
work.

Corrective action — Any measures taken to rectify conditions adverse to quality and, where possible, to
preclude their recurrence.
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Data Quality Assessment (DQA) — The scientific and statistical evaluation of data to determine if data
obtained from environmental operations are of the right type, quality, and quantity to support their 
intended use.  The five steps of the DQA Process include: 1) reviewing the DQOs and sampling design,   
2) conducting a preliminary data review, 3) selecting the statistical test, 4) verifying the assumptions of   
the statistical test, and 5) drawing conclusions from the data.

Data Quality Indicators (DQIs) — The quantitative statistics and qualitative descriptors that are used to
interpret the degree of acceptability or utility of data to the user.  The principal data quality indicators are
bias, precision, accuracy (bias is preferred), comparability, completeness, representativeness.

Data Quality Objectives (DQOs) — The qualitative and quantitative statements derived from the DQO
Process that clarify study’s technical and quality objectives, define the appropriate type of data, and 
specify tolerable levels of potential decision errors that will be used as the basis for establishing the  
quality and quantity of data needed to support decisions.

Data Quality Objectives (DQO) Process — A systematic strategic planning tool based on the scientific
method that identifies and defines the type, quality, and quantity of data needed to satisfy a specified use. 
DQOs are the qualitative and quantitative outputs from the DQO Process.

Data reduction — The process of transforming the number of data items by arithmetic or statistical
calculations, standard curves, and concentration factors, and collating them into a more useful form.    
Data reduction is irreversible and generally results in a reduced data set and an associated loss of detail. 

Data usability — The process of ensuring or determining whether the quality of the data produced meets
the intended use of the data.

Deficiency — An unauthorized deviation from acceptable procedures or practices, or a defect in an item.

Demonstrated capability — The capability to meet a procurement’s technical and quality specifications
through evidence presented by the supplier to substantiate its claims and in a manner defined by the
customer.

Design — The specifications, drawings, design criteria, and performance requirements.  Also, the result  
of deliberate planning, analysis, mathematical manipulations, and design processes.

Design change — Any revision or alteration of the technical requirements defined by approved and   
issued design output documents and approved and issued changes thereto.

Design review — A documented evaluation by a team, including personnel such as the responsible
designers, the client for whom the work or product is being designed, and a quality assurance (QA)
representative but excluding the original designers, to determine if a proposed design will meet the
established design criteria and perform as expected when implemented.

Detection Limit (DL) — A measure of the capability of an analytical method to distinguish samples that
do not contain a specific analyte from samples that contain low concentrations of the analyte; the lowest
concentration or amount of the target analyte that can be determined to be different from zero by a single
measurement at a stated level of probability.  DLs are analyte- and matrix-specific and may be  
laboratory-dependent.
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Distribution — 1) The appointment of an environmental contaminant at a point over time, over an area,  
or within a volume; 2) a probability function (density function, mass function, or distribution function)
used to describe a set of observations (statistical sample) or a population from which the observations are
generated.

Document control — The policies and procedures used by an organization to ensure that its documents
and their revisions are proposed, reviewed, approved for release, inventoried,  distributed, archived,  
stored, and retrieved in accordance with the organization’s requirements. 

Duplicate samples — Two samples taken from and representative of  the same population and carried
through all steps of the sampling and analytical procedures in an identical manner.  Duplicate samples are
used to assess variance of the total method, including sampling and analysis.  See also collocated sample.

Environmental conditions — The description of a physical medium (e.g., air, water, soil, sediment) or a
biological system expressed in terms of its physical, chemical, radiological, or biological characteristics.

Environmental data — Any parameters or pieces of information collected or produced from
measurements, analyses, or models of environmental processes, conditions, and effects of pollutants on
human health and the ecology, including results from laboratory analyses or from experimental systems
representing such processes and conditions.

Environmental data operations — Any work performed to obtain, use, or report information pertaining 
to environmental processes and conditions.

Environmental monitoring — The process of measuring or collecting environmental data.

Environmental processes — Any manufactured or natural processes that produce discharges to, or that
impact, the ambient environment.

Environmental programs — An all-inclusive term pertaining to any work or activities involving the
environment, including but not limited to: characterization of environmental processes and conditions;
environmental monitoring; environmental research and development; the design, construction, and 
operation of environmental technologies; and laboratory operations on environmental samples.

Environmental technology — An all-inclusive term used to describe pollution control devices and
systems, waste treatment processes and storage facilities, and site remediation technologies and their
components that may be utilized to remove pollutants or contaminants from, or to prevent them from
entering, the environment.  Examples include wet scrubbers (air), soil washing (soil), granulated    
activated carbon unit (water), and filtration (air, water).  Usually, this term applies to hardware-based
systems; however, it can also apply to methods or techniques used for pollution prevention, pollutant
reduction, or containment of contamination to prevent further movement of the contaminants, such as
capping, solidification or vitrification, and biological treatment.

Estimate — A characteristic from the sample from which inferences on parameters can be made.

Evidentiary records — Any records identified as part of litigation and subject to restricted access,
custody, use, and disposal.
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Expedited change — An abbreviated method of revising a document at the work location where the
document is used when the normal change process would cause unnecessary or intolerable delay in the
work.

Field blank — A blank used to provide information about contaminants that may be introduced during
sample collection, storage, and transport.  A clean sample, carried to the sampling site, exposed to
sampling conditions, returned to the laboratory, and treated as an environmental sample.  

Field (matrix) spike — A sample prepared at the sampling point (i.e., in the field) by adding a known
mass of the target analyte to a specified amount of the sample.  Field matrix spikes are used, for example,
to determine the effect of the sample preservation, shipment, storage, and preparation on analyte recovery
efficiency (the analytical bias).

Field split samples — Two or more representative portions taken from the same sample and submitted  
for analysis to different laboratories to estimate interlaboratory precision. 

Financial assistance — The process by which funds are provided by one organization (usually
governmental) to another organization for the purpose of performing work or furnishing services or   
items.  Financial assistance mechanisms include grants, cooperative agreements, and governmental
interagency agreements.

Finding — An assessment conclusion that identifies a condition having a significant effect on an item or
activity.  An assessment finding may be positive or negative, and is normally accompanied by specific
examples of the observed condition.

Goodness-of-fit test — The application of the chi square distribution in comparing the frequency
distribution of a statistic observed in a sample with the expected frequency distribution based on some
theoretical model.

Grade — The category or rank given to entities having the same functional use but different   
requirements for quality.

Graded approach — The process of basing the level of application of managerial controls applied to an
item or work according to the intended use of the results and the degree of confidence needed in the   
quality of the results.  (See also Data Quality Objectives (DQO) Process.)

Guidance — A suggested practice that is not mandatory, intended as an aid or example in complying   
with a standard or requirement.

Guideline — A suggested practice that is not mandatory in programs intended to comply with a standard.

Hazardous waste — Any waste material that satisfies the definition of hazardous waste given in 40 CFR
261, “Identification and Listing of Hazardous Waste.”

Holding time — The period of time a sample may be stored prior to its required analysis.  While 
exceeding the holding time does not necessarily negate the veracity of analytical results, it causes the
qualifying or “flagging” of any data not meeting all of the specified acceptance criteria. 

Identification error — The misidentification of an analyte.  In this error type, the contaminant of 
concern is unidentified and the measured concentration is incorrectly assigned to another contaminant.
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Independent assessment — An assessment performed by a qualified individual, group, or organization
that is not a part of the organization directly performing and accountable for the work being assessed.

Inspection — The examination or measurement of an item or activity to verify conformance to specific
requirements.

Internal standard — A standard added to a test portion of a sample in a known amount and carried
through the entire determination procedure as a reference for calibrating and controlling the precision    
and bias of the applied analytical method.

Laboratory split samples — Two or more representative portions taken from the same sample and
analyzed by different laboratories to estimate the interlaboratory precision or variability and the data
comparability. 

Limit of quantitation — The minimum concentration of an analyte or category of analytes in a specific
matrix that can be identified and quantified above the method detection limit and within specified limits    
of precision and bias during routine analytical operating conditions.

Management — Those individuals directly responsible and accountable for planning, implementing, and
assessing work.

Management system — A structured, nontechnical system describing the policies, objectives,    
principles, organizational authority, responsibilities, accountability, and implementation plan of an
organization for conducting work and producing items and services.

Management Systems Review (MSR) — The qualitative assessment of a data collection operation  
and/or organization(s) to establish whether the prevailing quality management structure, policies, 
practices, and procedures are adequate for ensuring that the type and quality of data needed are obtained.

Matrix spike — A sample prepared by adding a known mass of a target analyte to a specified amount of
matrix sample for which an independent estimate of the target analyte concentration is available.  Spiked
samples are used, for example, to determine the effect of the matrix on a method's recovery efficiency.

Mean (arithmetic) — The sum of all the values of a set of measurements divided by the number of   
values in the set; a measure of central tendency.

Mean squared error — A statistical term for variance added to the square of the bias.

Measurement and Testing Equipment (M&TE) — Tools, gauges, instruments, sampling devices, or
systems used to calibrate, measure, test, or inspect in order to control or acquire data to verify 
conformance to specified requirements.

Memory effects error — The effect that a relatively high concentration sample has on the measurement 
of a lower concentration sample of the same analyte when the higher concentration sample precedes the
lower concentration sample in the same analytical instrument.

Method — A body of procedures and techniques for performing an activity (e.g., sampling, chemical
analysis, quantification), systematically presented in the order in which they are to be executed.
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Method blank — A blank prepared to represent the sample matrix as closely as possible and analyzed
exactly like the calibration standards, samples, and quality control (QC) samples.  Results of method
blanks provide an estimate of the within-batch variability of the blank response and an indication of bias
introduced by the analytical procedure.

Mid-range check — A standard used to establish whether the middle of a measurement method’s
calibrated range is still within specifications.

Mixed waste — A hazardous waste material as defined by 40 CFR 261 Resource Conservation and
Recovery Act (RCRA) and mixed with radioactive waste subject to the requirements of the Atomic  
Energy Act.

Must — When used in a sentence, a term denoting a requirement that has to be met.

Nonconformance — A deficiency in a characteristic, documentation, or procedure that renders the  
quality of an item or activity unacceptable or indeterminate; nonfulfillment of a specified requirement.

Objective evidence — Any documented statement of fact, other information, or record, either  
quantitative or qualitative, pertaining to the quality of an item or activity, based on observations,
measurements, or tests that can be verified.

Observation — An assessment conclusion that identifies a condition (either positive or negative) that  
does not represent a significant impact on an item or activity.  An observation may identify a condition  
that has not yet caused a degradation of quality.

Organization — A company, corporation, firm, enterprise, or institution, or part thereof, whether
incorporated or not, public or private, that has its own functions and administration.

Organization structure — The responsibilities, authorities, and relationships, arranged in a pattern,
through which an organization performs its functions.

Outlier — An extreme observation that is shown to have a low probability of belonging to a specified  
data population.

Parameter — A quantity, usually unknown, such as a mean or a standard deviation characterizing a
population.  Commonly misused for "variable," "characteristic," or "property."  

Peer review — A documented critical review of work generally beyond the state of the art or 
characterized by the existence of potential uncertainty.  Conducted by qualified individuals (or an
organization) who are independent of those who performed the work but collectively equivalent in  
technical expertise (i.e., peers) to those who performed the original work.  Peer reviews are conducted to
ensure that activities are technically adequate, competently performed, properly documented, and satisfy
established technical and quality requirements.  An in-depth assessment of the assumptions, calculations,
extrapolations, alternate interpretations, methodology, acceptance criteria, and conclusions pertaining to
specific work and of the documentation that supports them.  Peer reviews provide an evaluation of a
subject where quantitative methods of analysis or measures of success are unavailable or undefined, such
as in research and development.
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Performance Evaluation (PE) — A type of audit in which the quantitative data generated in a
measurement system are obtained independently and compared with routinely obtained data to evaluate  
the proficiency of an analyst or laboratory.

Pollution prevention — An organized, comprehensive effort to systematically reduce or eliminate
pollutants or contaminants prior to their generation or their release or discharge into the environment.

Precision — A measure of mutual agreement among individual measurements of the same property,
usually under prescribed similar conditions expressed generally in terms of the standard deviation.  Refer 
to Appendix D, Data Quality Indicators, for a more detailed definition.

Procedure — A specified way to perform an activity.

Process — A set of interrelated resources and activities that transforms inputs into outputs.  Examples of
processes include analysis, design, data collection, operation, fabrication, and calculation.

Project — An organized set of activities within a program.

Qualified data — Any data that have been modified or adjusted as part of statistical or mathematical
evaluation, data validation, or data verification operations.

Qualified services — An indication that suppliers providing services have been evaluated and    
determined to meet the technical and quality requirements of the client as provided by approved
procurement documents and demonstrated by the supplier to the client’s satisfaction.

Quality — The totality of features and characteristics of a product or service that bears on its ability to
meet the stated or implied needs and expectations of the user.

Quality Assurance (QA) — An integrated system of management activities involving planning,
implementation, assessment, reporting, and quality improvement to ensure that a process, item, or service 
is of the type and quality needed and expected by the client.

Quality Assurance Program Description/Plan — See quality management plan.

Quality Assurance Project Plan (QAPP) — A formal document describing in comprehensive detail the
necessary quality assurance (QA), quality control (QC), and other technical activities that must be
implemented to ensure that the results of the work performed will satisfy the stated performance criteria. 
The QAPP components are divided into four classes: 1) Project Management, 2) Measurement/Data
Acquisition, 3) Assessment/Oversight, and 4) Data Validation and Usability.  Requirements for preparing
QAPPs can be found in EPA QA/R-5.

Quality Control (QC) — The overall system of technical activities that measures the attributes and
performance of a process, item, or service against defined standards to verify that they meet the stated
requirements established by the customer; operational techniques and activities that are used to fulfill
requirements for quality.  The system of activities and checks used to ensure that measurement systems  
are maintained within prescribed limits, providing protection against “out of control” conditions and
ensuring the results are of acceptable quality.

Quality control (QC) sample — An uncontaminated sample matrix spiked with known amounts of
analytes from a source independent of the calibration standards.  Generally used to establish intra-



B-9EPA QA/G-5 QA98

laboratory or analyst-specific precision and bias or to assess the performance of all or a portion of the
measurement system.  

Quality improvement — A management program for improving the quality of operations.  Such
management programs generally entail a formal mechanism for encouraging worker recommendations  
with timely management evaluation and feedback or implementation.

Quality management — That aspect of the overall management system of the organization that 
determines and implements the quality policy.  Quality management includes strategic planning,   
allocation of resources, and other systematic activities (e.g., planning, implementation, and assessment)
pertaining to the quality system.

Quality Management Plan (QMP) — A formal document that describes the quality system in terms of 
the organization’s structure, the functional responsibilities of management and staff, the lines of   
authority, and the required interfaces for those planning, implementing, and assessing all activities
conducted.

Quality system — A structured and documented management system describing the policies, objectives,
principles, organizational authority, responsibilities, accountability, and implementation plan of an
organization for ensuring quality in its work processes, products (items), and services.  The quality   
system provides the framework for planning, implementing, and assessing work performed by the
organization and for carrying out required quality assurance (QA) and quality control (QC).

Radioactive waste — Waste material containing, or contaminated by, radionuclides, subject to the
requirements of the Atomic Energy Act.

Readiness review — A systematic, documented review of the readiness for the start-up or continued use 
of a facility, process, or activity.  Readiness reviews are typically conducted before proceeding beyond
project milestones and prior to initiation of a major phase of work.

Record (quality) — A document that furnishes objective evidence of the quality of items or activities    
and that has been verified and authenticated as technically complete and correct.  Records may include
photographs, drawings, magnetic tape, and other data recording media.

Recovery — The act of determining whether or not the methodology measures all of the analyte   
contained in a sample.  Refer to Appendix D, Data Quality Indicators, for a more detailed definition.

Remediation — The process of reducing the concentration of a contaminant (or contaminants) in air,
water, or soil media to a level that poses an acceptable risk to human health.

Repeatability — The degree of agreement between independent test results produced by the same   
analyst, using the same test method and equipment on random aliquots of the same sample within a short
time period.

Reporting limit — The lowest concentration or amount of the target analyte required to be reported    
from a data collection project.  Reporting limits are generally greater than detection limits and are usually
not associated with a probability level.
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Representativeness — A measure of the degree to which data accurately and precisely represent a
characteristic of a population, a parameter variation at a sampling point, a process condition, or an
environmental condition.  See also Appendix D, Data Quality Indicators.

Reproducibility — The precision, usually expressed as variance, that measures the variability among the
results of measurements of the same sample at different laboratories.

Requirement — A formal statement of a need and the expected manner in which it is to be met.  

Research (applied) — A process, the objective of which is to gain the knowledge or understanding
necessary for determining the means by which a recognized and specific need may be met.

Research (basic) — A process, the objective of which is to gain fuller knowledge or understanding of    
the fundamental aspects of phenomena and of observable facts without specific applications toward
processes or products in mind.

Research development/demonstration — The systematic use of the knowledge and understanding
gained from research and directed toward the production of useful materials, devices, systems, or
methods, including prototypes and processes.

Round-robin study — A method validation study involving a predetermined number of laboratories or
analysts, all analyzing the same sample(s) by the same method.  In a round-robin study, all results are
compared and used to develop summary statistics such as interlaboratory precision and method bias or
recovery efficiency. 

Ruggedness study — The carefully ordered testing of an analytical method while making slight  
variations in test conditions (as might be expected in routine use) to determine how such variations affect
test results.  If a variation affects the results significantly, the method restrictions are tightened to  
minimize this variability. 

Scientific method — The principles and processes regarded as necessary for scientific investigation,
including rules for concept or hypothesis formulation, conduct of experiments, and validation of 
hypotheses by analysis of observations.

Self-assessment — The assessments of work conducted by individuals, groups, or organizations directly
responsible for overseeing and/or performing the work.

Sensitivity — the capability of a method or instrument to discriminate between measurement responses
representing different levels of a variable of interest.  Refer to Appendix D, Data Quality Indicators, for a
more detailed definition.

Service — The result generated by activities at the interface between the supplier and the customer, and 
the supplier internal activities to meet customer needs.  Such activities in environmental programs    
include design, inspection, laboratory and/or field analysis, repair, and installation.

Shall — A term denoting a requirement that is mandatory whenever the criterion for conformance with   
the specification permits no deviation.  This term does not prohibit the use of alternative approaches or
methods for implementing the specification so long as the requirement is fulfilled.



B-11EPA QA/G-5 QA98

Significant condition — Any state, status, incident, or situation of an environmental process or   
condition, or environmental technology in which the work being performed will be adversely affected
sufficiently to require corrective action to satisfy quality objectives or specifications and safety
requirements.

Software life cycle — The period of time that starts when a software product is conceived and ends   
when the software product is no longer available for routine use.  The software life cycle typically  
includes a requirement phase, a design phase, an implementation phase, a test phase, an installation and
check-out phase, an operation and maintenance phase, and sometimes a retirement phase.

Source reduction — Any practice that reduces the quantity of hazardous substances, contaminants, or
pollutants.

Span check — A standard used to establish that a measurement method is not deviating from its  
calibrated range.  

Specification — A document stating requirements and referring to or including drawings or other   
relevant documents.  Specifications should indicate the means and criteria for determining conformance.

Spike — A substance that is added to an environmental sample to increase the concentration of target
analytes by known amounts; used to assess measurement accuracy (spike recovery).   Spike duplicates   
are used to assess measurement precision.

Split samples — Two or more representative portions taken from one sample in the field or in the
laboratory and analyzed by different analysts or laboratories.  Split samples are quality control (QC)
samples that are used to assess analytical variability and comparability.

Standard deviation — A measure of the dispersion or imprecision of a sample or population distribution
expressed as the positive square root of the variance and has the same unit of measurement as the mean.

Standard Operating Procedure (SOP) — A written document that details the method for an operation,
analysis, or action with thoroughly prescribed techniques and steps and that is officially approved as the
method for performing certain routine or repetitive tasks.

Supplier — Any individual or organization furnishing items or services or performing work according to  
a procurement document or a financial assistance agreement.  An all-inclusive term used in place of any  
of the following: vendor, seller, contractor, subcontractor, fabricator, or consultant.

Surrogate spike or analyte — A pure substance with properties that mimic the analyte of interest. It is
unlikely to be found in environmental samples and is added to them to establish that the analytical 
meyhod has been performed properly.

Surveillance (quality) — Continual or frequent monitoring and verification of the status of an entity and
the analysis of records to ensure that specified requirements are being fulfilled.

Technical review — A documented critical review of work that has been performed within the state of  
the art.  The review is accomplished by one or more qualified reviewers who are independent of those   
who performed the work but are collectively equivalent in technical expertise to those who performed the
original work.  The review is an in-depth analysis and evaluation of documents, activities, material, data, 
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or items that require technical verification or validation for applicability, correctness, adequacy,
completeness, and assurance that established requirements have been satisfied.

Technical Systems Audit (TSA) — A thorough, systematic, on-site qualitative audit of facilities,
equipment, personnel, training, procedures, record keeping, data validation, data management, and
reporting aspects of a system.

Traceability — The ability to trace the history, application, or location of an entity by means of recorded
identifications.  In a calibration sense, traceability relates measuring equipment to national or   
international standards, primary standards, basic physical constants or properties, or reference materials. 
In a data collection sense, it relates calculations and data generated throughout the project back to the
requirements for the quality of the project.

Trip blank — A clean sample of a matrix that is taken to the sampling site and transported to the
laboratory for analysis without having been exposed to sampling procedures. 

Validation — Confirmation by examination and provision of objective evidence that the particular
requirements for a specific intended use have been fulfilled.  In design and development, validation
concerns the process of examining a product or result to determine conformance to user needs.  See also
Appendix G, Data Management.

Variance (statistical) — A measure or dispersion of a sample or population distribution.

Verification — Confirmation by examination and provision of objective evidence that specified
requirements have been fulfilled.  In design and development, verification concerns the process of
examining a result of a given activity to determine conformance to the stated requirements for that  
activity.
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APPENDIX D

DATA QUALITY INDICATORS

INTRODUCTION

Data Quality Indicators (DQIs) are qualitative and quantitative descriptors used in interpreting
the degree of acceptability or utility of data.  The principal DQIs are precision, bias, representativeness,
comparability, and completeness.  Secondary DQIs include sensitivity, recovery, memory effects, limit of
quantitation, repeatability, and reproducibility.  Establishing acceptance criteria for the DQIs sets
quantitative goals for the quality of data generated in the analytical measurement process.   DQIs may be
expressed for entire measurement systems, but it is customary to allow DQIs to be applied only to
laboratory measurement processes.  The issues of design and sampling errors, the most influential
components of variability, are discussed separately in EPA QA/G-5S, Guidance on Sampling Designs to
Support QAPPs.

Of the five principal DQIs, precision and bias are the quantitative measures, representativeness
and comparability are qualitative, and completeness is a combination of both quantitative and qualitative
measures.

The five principal DQIs are also referred to by the acronym PARCC, with the "A" in PARCC
referring to accuracy instead of bias.  This inconsistency results because some analysts believe accuracy
and bias are synonymous, and PARCC is a more convenient acronym than PBRCC.  Accuracy comprises
both random error (precision) and systematic error (bias), and these indicators are discussed separately in
this appendix.  DQIs are discussed at length in EPA QA/G-5I, Guidance on Data Quality Indicators.

AD1. PRINCIPAL DQIs: PARCC

AD1.1 PARCC:  Precision

Precision is a measure of agreement among replicate measurements of the same property, under
prescribed similar conditions.  This agreement is calculated as either the range (R) or as the standard
deviation (s).  It may also be expressed as a percentage of the mean of the measurements, such as relative
range (RR) (for duplicates) or relative standard deviation (RSD).
 

For analytical procedures, precision may be specified as either intralaboratory (within a
laboratory) or interlaboratory (between laboratories) precision.  Intralaboratory precision estimates
represent the agreement expected when a single laboratory uses the same method to make repeated
measurements of the same sample.  Interlaboratory precision refers to the agreement expected when two 
or more laboratories analyze the same or identical samples with the same method.  Intralaboratory
precision is more commonly reported; however, where available, both intralaboratory and interlaboratory
precision are listed in the data compilation.

When possible, a sample subdivided in the field and preserved separately is used to assess the
variability of sample handling, preservation, and storage along with the variability of the analysis process.  

When collocated samples are collected, processed, and analyzed by the same organization, 
intralaboratory precision information on sample acquisition, handling, shipping, storage, preparation. and
analysis is obtained.  Both samples can be carried through the steps in the measurement process together
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to provide an estimate of short-term precision.  Likewise, the two samples, if separated and processed at
different times or by different people and/or analyzed using different instruments, provide an estimate of
long-term precision.

AD1.2 PARCC:  Bias

Bias is the systematic or persistent distortion of a measurement process that causes errors in one
direction.  Bias assessments for environmental measurements are made using personnel, equipment, and
spiking materials or reference materials as independent as possible from those used in the calibration of
the measurement system.  When possible, bias assessments should be based on analysis of spiked  
samples rather than reference materials so that the effect of the matrix on recovery is incorporated into  
the assessment.  A documented spiking protocol and consistency in following that protocol are important
to obtaining meaningful data quality estimates.  Spikes should be added at different concentration levels 
to cover the range of expected sample concentrations.  For some measurement systems (e.g., continuous
analyzers used to measure pollutants in ambient air), spiking samples may not be practical, so 
assessments should be made using appropriate blind reference materials.

For certain multianalyte methods, bias assessments may be complicated by interferences among
multiple analytes, which prevents all of the analytes from being spiked into a single sample.  For such
methods, lower spiking frequencies can be employed for analytes that are seldom or never found.  The  
use of spiked surrogate compounds for multianalyte gas chromatography/ mass spectrometry (GC/MS)
procedures, while not ideal, may be the best  available procedure for assessment of bias. 

AD1.3 PARCC:  Accuracy

Accuracy is a measure of the closeness of an individual measurement or the average of a number
of measurements to the true value.  Accuracy includes a combination of random error (precision) and
systematic error (bias) components that result from sampling and analytical operations.

Accuracy is determined by analyzing a reference material of known pollutant concentration or by
reanalyzing a sample to which a material of known concentration or amount of pollutant has been added. 
Accuracy is usually expressed either as a percent recovery (P) or as a percent bias (P - 100). 
Determination of accuracy always includes the effects of variability (precision); therefore, accuracy is
used as a combination of bias and precision.  The combination is known statistically as mean square 
error.

Mean square error (MSE) is the quantitative term for overall quality of individual measurements
or estimators.  To be accurate, data must be both precise and unbiased.  Using the analogy of archery, to
be accurate, one must have one’s arrows land close together and, on average, at the spot where they are
aimed.  That is, the arrows must all land near the bull’s-eye (see Figure AD.1).

Mean square error is the sum of the variance plus the square of the bias.  (The bias is squared to
eliminate concern over whether the bias is positive or negative.)  Frequently, it is impossible to quantify 
all of the components of the mean square error--especially the biases--but it is important to attempt to
quantify the magnitude of such potential biases, often by comparison with auxiliary data.

AD1.4 PARCC:  Representativeness 

Representativeness is a measure of the degree to which data accurately and precisely represent a
characteristic of a population parameter at a sampling point or for a process condition or environmental
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(b)  Low bias + low precision = low accuracy

ProcessProcess

(a)  High bias + low precision = low accuracy

(c)  High bias + high precision = low accuracy

Process

(d)  Low bias + high precision = high accuracy

Process

Figure AD1.  Measurement Bias and Random Measurement Uncertainties: 
       Shots at a Target

condition.   Representativeness is a qualitative term that should be evaluated to determine whether in situ
and other measurements are made and physical samples collected in such a manner that the resulting data
appropriately reflect the media and phenomenon measured or studied.

AD1.5 PARCC:  Comparability

Comparability is the qualitative term that expresses the confidence that two data sets can
contribute to a common analysis and interpolation.  Comparability must be carefully evaluated to 
establish whether two data sets can be considered equivalent in regard to the measurement of a specific
variable or groups of variables.  In a laboratory analysis, the term comparability focuses on method type
comparison, holding times, stability issues, and aspects of overall analytical quantitation.

There are a number of issues that can make two data sets comparable, and the presence of each 
of the following items enhances their comparability:

C two data sets should contain the same set of variables of interest;
C units in which these variables were measured should be convertible to a common metric;
C similar analytic procedures and quality assurance should be used to collect data for both

data sets;
C time of measurements of certain characteristics (variables) should be similar for both 

data sets;
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C measuring devices used for both data sets should have approximately similar detection
levels;

C rules for excluding certain types of observations from both samples should be similar;
C samples within data sets should be selected in a similar manner;
C sampling frames from which the samples were selected should be similar; and
C number of observations in both data sets should be of the same order or magnitude.

These characteristics vary in importance depending on the final use of the data.  The closer two
data sets are with regard to these characteristics, the more appropriate it will be to compare them.  Large
differences between characteristics may be of only minor importance, depending on the decision that is   
to be made from the data.

Comparability is very important when conducting meta-analysis, which combines the results of
numerous studies to identify commonalities that are then hypothesized to hold over a range of
experimental conditions.  Meta-analysis can be very misleading if the studies being evaluated are not  
truly comparable.  Without proper consideration of comparability, the findings of the meta-analysis may
be due to an artifact of methodological differences among the studies rather than due to differences in
experimentally controlled conditions.  The use of expert opinion to classify the importance of differences 
in characteristics among data sets is invaluable.

AD1.6 PARCC:  Completeness

Completeness is a measure of the amount of valid data obtained from a measurement system,
expressed as a percentage of the number of valid measurements that should have been collected (i.e.,
measurements that were planned to be collected). 

 Completeness is not intended to be a measure of representativeness; that is, it does not describe
how closely the measured results reflect the actual concentration or distribution of the pollutant in the
media sampled.  A project could produce 100% data completeness (i.e., all samples planned were  
actually collected and found to be valid), but the results may not be representative of the pollutant
concentration actually present. 

Alternatively, there could be only 70% data completeness (30% lost or found invalid), but, due to
the nature of the sample design, the results could still be representative of the target population and yield
valid estimates.  Lack of completeness is a vital concern with stratified sampling.  Substantial incomplete
sampling of one or more strata can seriously compromise the validity of conclusions from the study.  In
other situations (for example, simple random sampling of a relatively homogeneous medium), lack of
completeness results only in a loss of statistical power.  The degree to which lack of completeness affects
the outcome of the study is a function of many variables ranging from deficiencies in the number of field
samples acquired to failure to analyze as many replications as deemed necessary by the QAPP and 
DQOs.  The intensity of effect due to incompleteness of data is sometimes best expressed as a qualitative
measure and not just as a quantitative percentage.

Completeness can have an effect on the DQO parameters.  Lack of completeness may require
reconsideration of the limits for the false negative and positive error rates because insufficient
completeness will decrease the power of the statistical test.

The following four situations demonstrate the importance of considering the planned use of the
data when determining the completeness of a study.  The purpose of the study is to determine whether the
average concentration of dioxin in surface soil is no more than 1.0 ppb.  The DQOs specified that the
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sample average should estimate the true average concentration to within ±0.30 ppb with 95 %  
confidence.  The resulting sampling design called for 30 samples to be drawn according to a simple
random sampling scheme.  The results were as follows:

Study result Completeness Outcome
1. 1.5  ppb ± 0.28 ppb  97% satisfies DQOs and study purpose
2. 500 ppb ± 0.28 ppb 87% satisfies DQOs and study purpose
3. 1.5  ppb ± 0.60 ppb  93% doesn’t satisfy either
4. 500 ppb ± 0.60 ppb 67% fails DQOs but meets study purpose

For all but the third situation, the data that were collected completely achieved their purpose,
meeting data quality requirements originally set out, or providing a conclusive answer to the study
question.  The degree of incompleteness did not affect some situations (situations 2 and 4) but may have
been a prime cause for situation 3 to fail the DQO requirements.  Expert opinion would then be required
to ascertain if further samples for situation 3 would be necessary in order to meet the established DQOs.

Several factors may result in lack of completeness: (1) the DQOs may have been based on poor
assumptions, (2) the survey design may have been poorly implemented, or (3) the design may have  
proven impossible to carry out given resource limitations.  Lack of completeness should always be
investigated, and the lessons learned from conducting the study should be incorporated into the planning 
of future studies.

AD2. OTHER DATA QUALITY INDICATORS

AD2.1 Sensitivity

Sensitivity is the capability of a method or instrument to discriminate between measurement
responses representing different levels of a variable of interest.  Sensitivity is determined from the value 
of the standard deviation at the concentration level of interest.  It represents the minimum difference in
concentration that can be distinguished between two samples with a high degree of confidence.

AD2.2 Recovery

Recovery is an indicator of bias in a measurement.  This is best evaluated by the measurement of
reference materials or other samples of known composition.  In the absence of reference materials, spikes
or surrogates may be added to the sample matrix.  The recovery is often stated as the percentage 
measured with respect to what was added.  Complete recovery (100%) is the ultimate goal.  At a
minimum, recoveries should be constant and should not differ significantly from an acceptable value. 
This means that control charts or some other means should be used for verification.  Significantly low
recoveries should be pointed out, and any corrections made for recovery should be stated explicitly.

AD2.3 Memory Effects

A memory effect occurs when a relatively high-concentration sample influences the measurement
of a lower concentration sample of the same analyte when the higher concentration sample precedes the
lower concentration sample in the same analytical instrument.  This represents a fault in an analytical
measurement system that reduces accuracy.
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AD2.4 Limit of Quantitation

The limit of quantitation is the minimum concentration of an analyte or category of analytes in a
specific matrix that can be identified and quantified above the method detection limit and within   
specified limits of precision and bias during routine analytical operating conditions. 

AD2.5 Repeatability

Repeatability is the degree of agreement between independent test results produced by the same
analyst using the same test method and equipment on random aliquots of the same sample within a short
time period.

AD2.6 Reproducibility

Reproducibility is the precision that measures the variability among the results of measurements
of the same sample at different laboratories.  It is usually expressed as a variance and low values of
variance indicate a high degree of reproducibility.

AD2.7 DQIs and the QAPP

At a minimum, the following DQIs should be addressed in the QAPP:  accuracy and/or bias,
precision, completeness, comparability, and representativeness.  Accuracy (or bias), precision,
completeness, and comparability should be addressed in Section A7.3, Specifying Measurement
Performance Criteria.  Refer to that section of the G-5 text for a discussion of the information to present
and a suggested format.  Representativeness should be discussed in Sections B4.2 (Subsampling) and  B1
(Sampling Design).

Table AD1.  Principal Types of Error

Types of Error Sources of Error

Random Error
 (precision; “P” in PARCC)

Natural variability in the population from which the sample is
taken.

Measurement system variability, introduced at each step of
sample handling and measurement processes.

Systematic Error
 (accuracy/bias; “A” in PARCC)

Interferences that are present in sample matrix.

Loss (or addition) of contaminants during sample collection and
handling.

Loss (or addition) of contaminants during sample preparation 
and analysis.

Calibration error or drift in the response function estimated by
the calibration curve.
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Lack of representativeness
 (“R” in PARCC)

Sample is not representative of the population, which often
occurs in judgmental sampling because not all the units of the
population have equal or known selection probabilities.

Sample collection method does not extract the material from its
natural setting in a way that accurately captures the desired
qualities to be measured.

Subsample (taken from a sample for chemical analysis) is not
representative of the sample, which occurs because the sample  
is not homogeneous and the subsample is taken from the most
readily available portion of the sample.  Consequently, other
parts of the sample had less chance of being selected for analysis.

Lack of comparability 
(“C” in PARCC)

Failure to use similar data collection methods, analytical
procedures, and QA protocols.

Failure to measure the same parameters over different data sets.

Lack of completeness
 (“C” in PARCC)

Lack of completeness sometimes caused by loss of a sample, 
loss of data, or inability to collect the planned number of
samples.

Incompleteness also occurs when data are discarded because 
they are of unknown or unacceptable quality.
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Table AA2.  Quality System Documents

Overview
QA/G-0 EPA Quality System Description

Program level
QA/R-1 EPA Quality Systems Requirements for Environmental Programs
QA/G-1 Guidance for Developing Quality Systems for Environmental Data Operations
QA/R-2 EPA Requirements for Quality Management Plans
QA/G-2 Guidance for Preparing Quality Management Plans
QA/G-2C Guide to Satisfying EPA Quality Assurance Requirements for Contracts
QA/G-2EA Guide to Implementing Quality Assurance in Extramural Agreements
QA/G-2F Guide to Satisfying EPA Quality Assurance Requirements for Financial Assistance

Agreements
QA/G-3 Guidance for the Management Systems Review Process
QA/G-10 Guidance for Determining Quality Training Requirements for Environmental Data

Operations

Project level
QA/G-4 Guidance for the Data Quality Objectives Process
QA/G-4CS The Data Quality Objectives Process: Case Studies
QA/G-4D Data Quality Objectives Decision Errors Feasibility Trials (DEFT) Software
QA/G-4HW Guidance for the Data Quality Objectives Process for Hazardous Waste Sites 
QA/G-4R Guidance for the Data Quality Objectives for Researchers
QA/R-5 EPA Requirements for Quality Assurance Project Plans
QA/G-5 EPA Guidance for Quality Assurance Project Plans
QA/G-5I Guidance for Data Quality Indicators
QA/G-5S Guidance on Sampling Designs to Support Quality Assurance Project Plans
QA/G-5T Guidance on Specialized Topics in Quality Assurance
QA/G-6 Guidance for the Preparation of Standard Operating Procedures for Quality-Related

Operations
QA/G-7 Guidance on Technical Assessments for Environmental Data Operations
QA/G-8 Guidance on Environmental Data Verification and Validation
QA/G-9 Guidance for Data Quality Assessment: Practical Methods for Data Analysis
QA/G-9D Data Quality Evaluation Statistical Toolbox (DataQUEST).
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